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SfrRTA-SIDDHiNTA, 

WITH NOTES, AND AN APPENDIX. 


[Cotnmnnicatod to the American Oriental Society May 17,18SS, and pnUiabcd in. 

the Sixth Voluine of ita Jooiw.] 


Intkoductoby Notb. 

Soon after my entrance upon the misaionary field, in the Mar&tha 
I'ouiitry of western India, in tlie year 1830, my attention was directed 
to the pittparation, in the Mar&thi language, of an astronomical text¬ 
book for schools. I was dins led to a study of .^tlie Jilinda science of 
astronomy, as cxhJbitod in the native tcxt-lwoks, and to an oxamiiiation 
of what had been written respecting it by Eoropean scholars. I at 
once found myeclf, on the one hand, highly interested 1^ the subject 
itself, and, on tho other, somewhat embarrassed for want or a satisfactory 
introduction to it. A comprehensive exhibition of the Hindu system had 
nowhere bceui made. The Astroiioinie indienno of Ihsilly, tlie first ex¬ 
tended work npoxi its subject, had long been acknowledged to be founded 
upon insufficient data, to contain a greatly exaggerated cstimato of the 
antiquity and value of the Hindu astronomy, and to have been written 
for wo purpose of supporting an untenalde theory, llie articles in the 
Asiatic Kc^iarchcs, by Davi^ Golebrookc, and llentloy, which were the 
first, as tlicy still remain tlie most important^ sonrees of knowledge rc^- 
spccting tho matters with ,'^iich they deal, relate only to particular 
points - in the system, of cs]^ial prominenco and ipltcreat. Bentley’s 
volume on Hindu astronomy is moiiily oceupied’with .an endeavor to 
ascertain the age of the principal astrononiicm ly^atise^ and the epochs 
of astronomical discovery and progress, ai^ n, moreoMjr,' even in these 
respects, an exqpedingly unsafe guide., The frea^ent?^ tho subject itv, 
Belambrc, in his Histoiy of Ancient Astronomy, being fonndod^nly 
upon Bailly and the, earliest of the^essays in the Aswtic Researches,, 
partakes, ht .course, of the ine^mpl^ness of his authorities. Works' 
Yalue havo been published in Indie: also, into which more or l^ of. 
"^Bindu astronomy enters, as^arren’a K41a Sankalita, Jervis’s Weights 
Heaanrea and Ooina of Ind^.^tHo|no^tt's.Orie&tid Astronomer, Mhd 
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the like ; bnt tliofle, too, give, for the most part^ liardry lMore than the 
practical processes cinplovcd in parts of the system, and they are, like 
many of the anthorilies alresidy mentioned, only with diflieiilty accessi¬ 
ble. Tn shorty tlicrc was nothing in existence which showed the world 
how much and how little the Hindus know of astronomy, as also their 
mode of prcseiitiiig the subject in its totality, the intermixturo in their 
rsciciice of old ideas with new, of astronomy with astrology, of observa¬ 
tion and iiiatbcmatieal deduction with arbitrary theory, mythology, 
cosmogony, and pure imagination. It seemed to me that nothing would 
so well supply the dcllciciiey os the translation and detailed explication 
of a eoinpleti*. treatise of llindu .‘ulroiiomy: and this work 1 acuord- 
iiiglv niiderlnok to execute. 

Among the diiTercnt Siddhantas, or text-books of astronomy, existing 
in India in the Sanskrit language, none appeared better suilcil to my 
purpose than the Shrya-Siddhaiita. Tliat it is one of the most highly 
esteemed, best known, and most frcmicntly employed, of all, must be 
evident to any one who has noticed how iiiucli ofleiier than any other 
it is reforrcil to as anthurily in the \arious papers on the Hindu astron¬ 
omy. In fact, the science as practised in iinidern Itnlia is in the greater 
part founded upon its <lnt:i and ]iroce.<sos. In the WaU of Sidithfintas 
given by native anthr>rities ii- is almost invariably mentioned second, the 
Ibnhma-Siddhaiita being jdaeed first: llio hitt»‘r enjoys lliis preininciice. 
perhaps, mainly on account of its name; it is, at any rale, eoinpara- 
tively rare ainl litlle knuwn. For completeness, simplicity, and coiuise- 
iic-ss conibiiicd. the Surya-Siddhiinta is believed not to he snrjiasseil by 
any othor. It is al-o more easily obtainable. In general, it is difilenlt', 
without otlh-ial infinenc.e m' exoi'Ktant-pay, to gain possession of ti'Xls 
nhioh aiv rare .ind hehl in high esteem. I Miring my stay in India, I 
was able to proi-ure copies of only lliree astronomical treatises besides 
the Snr\a-Siddl'iiinta: the (.Vikalva-Sanliilh of the liralnna-Siddliantu, 
tlio Sid<lliiinfa-t/ii'omani of I’dn'iskarn, and the Hraha-Laghava, of which 
the two latter haNc also liecu piinted at t'aleiitta. Of tlte Sftrvji- 
Siddliunta i oliliiincil three copiirs, two of (hem giving the text alone, 
and the ihird .also the eoinincrdarv i-nlitli-d (iudliurthaprakaraka. by 
Itanganathn, of which the date \a unknown to jne. The latter manu¬ 
script agrees in all respects with the edition of tin* Sflna-Siddln'inta. 
aci-om])aiiied by the same coMmieiilarv, of which the pnbliention, in the 
scries entitled Bibliotlieoa liidic-ii, h.uH been commenced in India by 
an American scholar, and a nicniber of this Society, J’rof. I’itx-bkJwranl 
Hall of Jh-iiaves; to this I liavo also had accesi?, aiUiongh not until my 
w'ork wiLs nearly comidctod. 

My fimt rough draft of the translation and notes wds made while ( 
wa.s still in India, with the aid of lirahnians who were familiar with the 


Sanskrit arnl well versed in Hindu astronomical science. Jii a few points 
reeeivf«l help from the native 1‘rofessor of Matlfenmtiea in the 
Haaskiit (.^dlcgc at I’tiini. lint notwithstanding this, there remained 
not a few ohsenre and difficult poiifts, connected with the demonstration 
and applieation of the processes taught in tlie text. Jn the solution of 
thesof 1 havf; rdneived very iin])OTtant iLssiatancc from the Committee of 
rublicatioii of the Society. They have also—the iiiaiii share of the 
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'york falling to Frof* Whitney—enriched the no&s'vith mnoh additional 
matter of valne. My whole' collected material,-in fact; was placed in 
their hands for revision, expansion, and reduction to the form beat 
answering to the requirements of modern scholar^ nfy own engrowing ' 
occupations, and distance from the place of publication, as well as my 
confidence in their ability and judgment, leading me to prefer to intmat 
this work to them rather than to undertake its execution myself. ^ 

We have also to express oiir acknowlcd^cnts to Mr. Hubert X. 
Newton, Professor of Mathematics in Yale College, for valuable aid ren¬ 
dered ns in the more difficult demonstration's, and in the comparison of 
the iliiid^aiid Greek astronomies, as well as for his constant advice and 
s'.iggestiq^ which add not a little to the value of the work. 

The Sfiirya-Riddhknta, like tlic larger portion of the Sanskrit litora- 
lurc; is written in the verse commonly called the floka^ or in stanxas of 
two linos, each line being composed of two halves, or p&dna, of eight 
syllables each. With its metrical fonn arc connected one or two pecu¬ 
liarities which call fur notice. In the first place, for the terms used 
there arc often many synonyms, which are cinployeil accoixliiig to the 
exigencies of the verso: tlius, the snn has twelve different names, Mam 
six, the divisions of time two or three each, radius six or eight, and so 
<in. Again, the method of expressing niiinbci's, largo or small, is l»v 
naming the figures whieh compose them, heginning with the last and 
going hack ward; using for each figure not only its own pro] >er name, 
but that of any ohjeet associated in the Hindu mind with the nuinher it 
re]u‘csents. Thus, the imnilicr 1,,'>'77,017,828 (i. 37) is thna given: 
'Vasu (a class of deities, eifjht in number) -two-eight mountain (the seven 
mythie.il chains of mountains) -form-Hgure (the nine digits) -scveu-iuoun- 
laiii-hmar days (f)t' which there are Jfftren in the half-iiKuith). Once 
more, the style of expression of the treatise is, in general, exoessively 
concise, and elliptical, offun to a degree, that would make its meaning 
entirely unintelligible without a eomincntary, the exposition of a native 
teacher, or such a knowledge of the suiijeet treated of should .show 
what the text must bo meant to say. Some striking in.stuiie.es sire 
pointed out in the notes. Tliis ovor-eoncisuncss, however, is not wholly 
due to the metrical form of the treatise: it is charaetori»>tic of much of 
the Hindu scientific literature, in its various branches; its text-books are 
wont to ho intended as only the text for written coiniiicnt ur oral expli¬ 
cation, and hint, rather than fully express, the meaning they contain. 

In onr translation, wu have not thought it worth while to indicate, by 
parontheses or otherwise, the wonls and pbra.acs introduced by ns to 
make the meaning of the text evident: such a course would occasion 
the rcailcr miudi more emburrassinout than satisfa-'tion. Our endeavor 
i.s, ill all cases, to hit the true mean between uninUllimbility and diffuse- 
ncas, altering the phraseology and construction of the original on|;p^^ 
far as is neccasary. In both the translation and the notes, morcovei^ 
wu kiHip steadily in view the interests of tlio two classes of readers for 
whose benefit tho work is iindtM'taken : those who arc orientalists with¬ 
out being astronoincrs, and those who are astronomers without being 
orientalists. For tlie ^cof tho former, our explanations and demon- 



IV 


Rtmions are made niorcclcmcntaiy and full tliaa would be net'csiuiij, 
were wc ad<lressiug mathematicians only: for the sake of the latter, we 
cast the wholi* into a form as occidental as may be, translating every 
technical term which admits of translation: since to compel all those who 
may desire to inform themselves respecting the scientific content of the 
Hindu astronomy to Jearn tlie Banskrit technical langnagc would bo 
highly nnrcasonalile. To furnish no ground of complaint, however, to 
those who arc familiar with and attached to Uicse terms, wc insert them 
liberally in the translation, in connection with their English equivalents. 
The derivation and literal signification of the {greater part of the tech¬ 
nical terms employed in the treatise arc also given in the notes, since 
such an explanation of the history of a term is often cssdlftial to its 
full comprehension, and throws valuable light upon the conceptions of 
those by whom it was originally applied. 

We adopt, as the text of our translation, the published edition of the 
Siddhknta, referred to above, following its readings and its order of ar- 
ranTOinent, wherever they differ, ns they do in many places, from those 
of the manuscripts without commentary in our possession. The dis¬ 
cordances of tlic two versions, when they are of sufficient consequenoe 
to be worth notice, arc mentioned in the notes. 

As regards Uic transcription of Sanskrit words in Roman letters, wc 
need oiuv specify that c represents the sound of tlie English rh in 
“ church,^’ Italian e before e and i: that j is the English j : tliat f is pro¬ 
nounced like the English uh, (xcrman sr/t, French cA, while sk is a sound 
nearly rcscmhling it, hut nttcix'd witli the tip of the tongue turned buck 
into the top of the mouth, as are the other lingual letters, /, t1, n: 
finally, that the Sanskrit r used as a vowel (which value it has also in 
sonic of the Slavonic dialects) is written with a dot underneath, as r. 

The ilemonstrations of principles and processes given by the native 
commentHTy are made without the help of figures. The figures which 
wc introduce arc for the must part our own, although a few of them 
were suggested by those of a set obtained in India, from native niathe- 
maticinns. 

For the discussion of such general questions relating to this Biddlihnta 
as its age, its authorship, the alterations which it may have nuditrgone 
before l^'iiig brought into its present form, the stage which it Tcprciicnts 
in tlic progress of Hindu rnatncinalical science, the extent and charsieter 
of the niarhematical and astronomical knowledge displayed in it, and 
the relation of the same to that of other ancient nations, especially of 
tlic firueks, the reader is referred to the notes upon the text. I'lie form 
in which oiir piiblillation is made iloes not allow us to sum up here, in 
a preface, the final results of our investigations into tlicse and kindred 
topics, it may perhaps bo found advisable b> present such a siiiuiuary 
at tlie end of tlic article, in connection witli the additional notes and 
-’Cpi^ct matters to be tlicrc given. 
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CHAl’TKK 1. 

OP THE MEAN MOTIONS OP THE PLANETS. 

Coxtbhtb:—1 1 homage to the Deit}'; 2-9, reYelation of the preaent iteatiae; 10-11. 
modea of dividing time: 11-12, anbdiTisions of n daj} 12-14, of a year; 14-17, 
of the Agoa; lB-10, of an ^Enn; 20-21, of Brahma’a life; 21-2S, part of it 
alremly elapsed; 24, time ocrupied in the work of creation; 26-27, general 
nreount of the movementa of the planets ; 28, aubdiviaiona of the circle; 29-83, 
number of revolutions of the planets, and of the moon's apsis oiid noile, in an 
Age; 34-39, number of days and mouths, of different kinds, in an Age; 40, in an 
ASun; 41-44, number of revolutions, in on yEon, of the apsides and nodes of the 
planets; 46-17, time elapsed from the end of creation to that of the Ooldun Age; 
48-51, rule for the reduction to civil days of the whole time'aioce the creation; 
61-52, method of finding the lords of the day, the month, nnii the year; 68-64, 
rule for finding the mean place of a planet, niid of ita apsis and node; 56, to find 
the current year of the cycle of Jupiter; 66, simpliocatkm of the abo%-e calcula¬ 
tions; 67-68, situation of the planets, and of the moon's apsis and node, at the 
end Ilf the Qolden Age; 69-60, dimensions of the eartli; 60-61. correction, for 
difference of longitude, of the mean place of a planet aa found; 62, situation of 
the principal meridian; 68-65, ascertainment of difference of longitude by differ¬ 
ence between observed and computed time of a lunar eclipse; 66, difference of 
lime owing to difference of lougitude; 67, to find the mean place of a planet for 
any rei^oircd hour of the day; 68-70, incliuatiou of the orUta of the planets. 

1. To him whose shape is inconceivable and unmani^csted, 
who is uuaiFected bj the qualities, .whose nature is qualiW, 
whose form is the support of the.cntiro creation—to Brahma be 
liomage I 

Thu usual propitiatory expression of homage to some deity, with 
which Hindu works arc wont to commence. 

2. When but little of the (joldcn Age {Jc 'ia yvgd) was left, a 

great duiiion (ntfura), named Maya, being desirous to know .that* 
mysterious, supreme, pure, and exalted science, ^ 

8. That chief uuxinary of the scripture (verfdnpq), in its en* 
tirety—the cause, namely, of the motion of the heavenly bodies 
{Jyotia)^ performed, in propitiation of the Sun, very severe re¬ 
ligious austerities. 
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Sdrifa-SiddUidnta. [i. 3- 

AccoTillng' to this, the Si'iryn-Sidillitinta ivns i;pvealcd more than 
2,164,960 years n^o, that amount, of time having elnpse^l, according to 
Hindu reckoning, since the cuil of the Golden Age; see ,below, iiiidcr 
voi-se 48, for the computation of the period. As rcganls the actual 
date of the treatise, it is, like all dates in Iliiulu history and the history 
of Hindu literature, exceedingly dillicnlt to ascertain. It is the iiioro 
'difficult, because, unlike most, or all, of the astronomical treatises, the 
Bhrva-Siddliautii attaches itself to the name of no individual ns its 
author, but professes to be a direct revelation fi*om the Sun {siirya). A 
treatise of tliis naine, bowever, is confessedly among the earliest text¬ 
books of the Indian science. It was one of the live earlier works upon 
which w’HS founded the Vailcn-suldhruitikn, Coinpendinin of Five As¬ 
tronomies, of Yarkha-mihir:!, one of the earliest a.«trononicrs whose works 
have l*een, in part, preserved to us, and who is sup]ioseil to have lived 
nhout the beginning of the sixth century of our era. A Siiryii-Siddlikiita 
i.s also referred to by Jirahinagupta, who is assigned to the close of the 
same century and liie commencement of the one. following. Hie argu¬ 
ments by which 3klr. Jienlley (Hindu Aslronomy, p. 158, eU-.) :ittempts 
to pro\e Varaha-mihira to have lived in the sixteenth century, and his 
profcs.ioil works to he lorgi-rics and iinjiositions, are suffieieiitly refuted 
by the testimony of al-Hiruni (the same poreon ns the Alm-r-Kaihan, so 
often quoted in the. first article of this volume), who visited India muler 
Mnhin6(J of Ghnzna, and wrote in A.I). 1031 an account of the coun¬ 
try: he sjicaks (>f Varalin-iuiJiira ainl of his Fanca-siildlisintikn, assign¬ 
ing to both noarly the same age si*« is nltributed to them l)y tlie modern 
Hindus (sue Ileinaiid in the .lonrnnl Asiutique for Sept.-Oct. 1844, iv"’* 
S6no, iv. 28(i; and also Jiis Meinoiiv- snr I'lndc). He also speaks of the 
Suryu-Skidhaiita itself, and ascribes its author.ship to lAtA (Momnirc snr 
I’lnde, pp. 331, .33J), nliom Weber fVorlcsnngcn liber Indisclie Lit.f*ra- 
t<irg.^scliicht(‘, p. 22!i) coniuctnrully ideiitifles with a lAdha who is cited 
by Hrahmaguptu. lieiilksy has endeavored to show by internal evi¬ 
dence that the Sftrya-Siildlianta belongs to the end of the eleventh 
cciitur}': sj'c bidow, iiiificr v<-rscs 29-,34, where his method and rosiills 
arc explained, and their lahic estiinateil. 

Of the six ^'cl|^lllgns, ‘‘limbs rjf the Veda,” scicnees auxiliary to the 
.>:n!-red scriptures, astronomy is eiaiinud tc; be the tlrst and cliie.f, as rep- 
re>ciiting the eyes; grammar being the mouth, ceremonial the liatids, 
prosody the fo(^ cle. (sec Siddliunta-^iromaui, i. 12-14). Thu Jiiiport- 
ance of iistronomy to the system of religions observance lies in the fad 
th.at by it are dcUTiniiiod the proper times of sacrifice and the like.. 
There is a speeial treatise, the Jyotisha of I^adhn, or Lagata, which, 
attaching itself to the ^'cdie. texts, and representing a more primitive 
phase of Hindu sciunee, elainis to be the a.«troiioinieiil VecUlnga; but it 
is said to be of late <1atc and of small importance. 

word jyoti»^ “ heavenly body,” literally “ light,” altlioiigli the 
current nanies for astronomy and astroiioinurs are derived from it, does 
- not elsewhere occur in this treatise. 

4*. Gratified these austerities, and rendered propitioufs, the 
Sun himself delivered unto that Maya, who besought a boon, 
the system of the planets. 
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The blessed Son smke: 

5. Thine intent is known to me; lam gratified by thine aus¬ 
terities; T will give thee the science upon which time is founded, 
the grand system of the planets. 

6. No one fe able to endure my brilliancy; for communication 
I have no leisure; tliis person, who is a part of rue, shall relate 
to thee the whole. 


Tlie inaiiuiiuripts without coinmentnry insert here the fuliowing verse: 
“do therefore to Itomaka-city, thine own residence; there, under¬ 
going iurarnation n.H a barbanan, owing to a cui>:C of Eruhuia, 1 will 
ini])art to thee this science.” 

If this verse really formed a part of the le\t, it would bo as clear 
an acknowledgment as the author could well ctnivey iudircrtly, that 
the science displayed in his treatise \Yas derlrcd from the dreoks. 
Ivornaka-city is Koine, the greatiiictrupulis of tlie West; its situation is 
given in a following chapter (sec xii. 39) as upon the equator, ninety 
decrees to the west of India. The incarnalioii of the smii there us a 
barbarian, for die purpose of revealing astronomy to a demon uf the 


Iliiidu Pantheon, is but 
science', after all, to a 
place here; it is inco* 
occin-s, wliii-h give a 
llow I'oini's it bore then ? 
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nsparent artilice for referring the foreign 
prigin. Put the reiYic is clearl} out uf 
uitli the other rcises among which it 
t version of th(% method of revelation. 
It can hardlv have hoen ^ratnitonslv dt:vised 
and intiiidticed. The verse- itself is found in many of the niunuscripts 
of this SiddhAnta; and the incarnation of the bun at Kumaka-city, 
aiiiDiig tl)e Yavanas, or dreeks, and his revelation of the science of 
u^t 1 ‘unolny there, are variously alliulcd to iu later works; ns, for instance, 
in the Jnniia-bhuskura (-uc Wcbi'i's Catalogue- of the Ilcrllii bniiskrit 
Manuscripts, p. 287, etc.), where he is usserto! to have revealed also the 
Koniaka-SiddMnta. Is this verse, then, a fragment of a difterciit, and 
pcrliaps more .ancit'iit, account of the origin of the treatise, for whK-li, 
as conveying t«x) ingenuous a confession of the source of the Hindu 
astronomy, another has been substituted later j Such a supposition, 
certainly, does not luck plausibility. There is something whicu looks 
the same way in the selection of a demon, an Asura, to be the luedinin 
of the sun's revelation ; as if, while the essential tnuh ami value of the 
system was acknowledged, it were sought to ailix a stigma to the source 
w'heuuo the llindus derived it. Weber (Ind. Stml. ii. 243; liid. Lit. ]i. 
22.')), noticing that the name of the Egyptian sovereign l*tolciuuios 
uccui's in Indian inscriptions in tlie form 2'i/riimai/a, conjectures Llnit 
Asiira ^laya is an ultcratiou of that name, and that the doiiioii Mu) a ac¬ 
cordingly re{)resents tlie author uf the Almagest himself; and the conjee- 
tiiTu is {Kjwerfully supported by the fact that al-Ulrfinl (sec Rcinaiul, as 
above) uscrilu's the Piiuli(;a-Siddii&nta, which tin* later Hindus a^:%dEc 
to a ihilira, to 1 'aiilus al-Yiiu&iit, I'aiiliis the dreek, .‘iiid that another of the 
uslroiioiiiical treatises, alluded to abovo, is called the Romaka-Siddh&niUi 
It would hi' premature to discuss hero the relation of the Hindu 
astronomy to the dreek; we propose to sum up, at the cud df this 
work, the evidence upon the subject wliicli it contains. 
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7. Thus' having spoken, the god disappesQsdj having given 
directions unto the part of himsdf This latter j^rson wus ad; 
dressed Maya, as he stood bowed forward, his hands suppliantly 
joined before him: 

8. Listen with concentrated attention to the ancient and exalted 
science, which has been spoken, in each successive JVge, to the 

*^reat ^ges {Tnakarshi)^ by the Sun himself. 

9. This is that very same original text*book which the Sun of 
old promulgated: only, by reason of the revolution of the Ages, 
there is here a difference of times. 

According to the commentary, tho meaning of these lost verses is 
that, in the successive Great Ages, or periods of 4,320,000 years (see 
below, under vv. Ifi-l?), there are slight differences in the motions of 
the heavenly bodies, which render necessary a new revelation from time 
to time on the part of the Sun, suited to the altered conditions of things; 
and that when, moreover, even during the continuance of tlic saihc Age^ 
differences of motion are noticed, owing to a difference of penod, it is 
enstomary to appl^' to the data given a correction, which is called lija. 
All this is very anitable for the coinmentatm^o say, but it seems nut a 
little curions to find the Sun's saperhi:m|^Hwresentative himself in¬ 
sisting that this his revelation is the as hail formerly been 

made by the Sun, only with different data^^e oaunot help suspecting 
in the ninth verse, rather, a virtual confession oh the part of the promut 
gators of this treatise, that there was another, or that there were others, 
in existence, claiming to be the suifs revelation, or else that the data 
presented in this were different from those wrhich had been previously 
current as revealed by tlic Sun.' We shall hare more to say hereafter 
(see below, under vv. 29-34) of the probable existence of more than 
one version of the Siirya-Siddh&nta, of the correction called 6f/a, and 
of its incorporation into the text of the treatise itself. TJie repeated 
revelation of the system in each successive Great Age, as stated in verse 
8, presents no difficulty. It is the Puranic doctrine (sec Wilson’s \'ishnu 
PuiA^ p.269, etc.) tnat during the Iron Age the sourcea of knowledge 
become either corrupted or lost, so that a new revelation of scripture, 
law, and science becomes necessary during tlie Age succeeding. 

10. Time is tbe destroyer of the worlds; another Tin|p has 
for its nature to bring to pass. This latter, according as it is 
cross or minute, is called by two names, real {m^rta) and unreal 

There is in this verse a curious iiiingling togetlier of tliu poetical, the 
theoretical, and the practical. To the Hindus, its to us. Time is, in a 
BcAapborical sense, tlie great destroyer of all tilings; aa such, he is 
identided with Death, and with Yaina, the ruler of tin* dead. Time, 
.again, in the ordinary acceptation of tliu word, has both its iin^inary, 
and its appreciable and practically useful divisions: the former arc call^ 
' real {murta, literally “ embodied'”), the latter unreal (amicrto, literally 
** unembodied”). The following verse explains these divisions mure fully. 
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The'epithet ihi/aQ4toitfX»,.app1i<^' to acttmi time in the fint haJf of 
the vene, is.not easy of interpretatiom Hie coinmontaiy trantilatus it 
"is.an olgect of knowledge, is capable of beiiigiknown,” which does not 
seem satisfactory. It evidently contains a sng|;cstecl etymology {k&loy 
" time," from kafana), and in translating it as above we liavc seen in it 
also ftn fuitithcsis to the epithet bestowed .upon Time the divinity. 
Perhaps it should be rather “ has for its office eiivnicratioii.” - 

11. That which begins with respirations is called real; 

that which.begins with atoms {truiC) is called unreal. Six respi¬ 
rations make a vinddi, sixty of these a nddi; 

12, And sixty nadis make a sidereal day and night.... 

The manuscripts without commentary insert, as the first half of v. 11, 
tlie usual definition of the length of a respiration : " the time occupied 
in pronouncing ten long syllables is called a Tcnpiration.'’ 

The table of tlie divisions of siileroal time is thcii as follows: 

lo long syllabloa {ffurvah 9 h 4 ira)ss i respiration pi'rioii of four seconds); 

6 rcspiralioDS =±s i vinAdi (period of twenty-four seconds); 

6o = 1 n&^ (period of tw^ty-fuur minutes); 

6o n&dU n= i day. 

This is the metliod of division usually adopted in tlie astronomical 
text-books: it possesses the' convenient property that its lowest sub¬ 
division. the respiration, is the same fiart of the day as the minute is of 
tlie cirule, so that a respiration of time is equivalent to a minute of 
revolution of the heavenly bodies about tlie eartli. TIiu respiration is 
much more frequently called asn, in the text both of this and of the 
otlier Siddhhnfas. The vinildl i^ practically of small conseqiU‘iice, and 
is only two or three times made use of in tlie treatise: its usual modem 
name is pa/a, but as this tenu nowhere occurs in our text, wc have not 
felt justified ill substituting it for viiihdi. For n&dt also, the more 
common name is i/anda, but this, too, tlie Shrya-SiiKlhhnta nowhere 
employs, although it uses instead of ni\di, and quite as often, nMikA and 
ghatikd. We,snail uniformly make use in uiir translation of the terms 
presented above, since there are no Fnglisli equivalents which admit of 
oeing Bulistitutcd for them. 

The ordinaiy Puranic division of the day is slightly different from the 
astronomical, viz: 

i5 twinklings (utnicifAa) =s i bit {kdsAthd) -, 

3o bits = I minute (ibafd): 

3o minutes = i hour (inwAurf^;' 

3o hours — I day. 

Maiiii (i. 64) gives the same, excepting that hr makes the bit to con - 
si.st of 18 twinklings. Other authorities assign liflereiit values to the 
■ lesser measures of time, but all agree in the main fact of tlie divi^JlTol’ 
the day into thirty hours, which, being perhaps an iniitatiou of the 
division of the mouth into thirty days, is unqucstiouably the ancient and 
original ilindii method of reckoning time. 

The Surya-Biddh&uta, with comiiiendable moderation, refraiBS*from 
giving the imaginary subdivisions of the respiration which make up 
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unreal time. Tliey arc thus stated in Bhftskara’%Siddh4ata-^iroinani 
(i. 19, 20), along with the other, the astronomical, table; 


TOQ atoms (tTKfi) 
3o specks 
iB twinklings 
3o Uts 
3u minutes 
a half-hours 
3o hours 


= r speck (taipara ); 

= 1 twinkling (HtmsiAa); 
= I bit (k<ifMAd); 
s= I minute (told ); 

== 1 half-bour (j^Aotikd); 
s I hour (ksAa^a); 

= 1 (lay. 


This makes the atom equal to a-TrB"Jjra“irinrth of a day, or 
of a second. Some of the Vnr&nas (sue Wilson's Vish. Pur. p. 22) give 
a different division, which makes tlie atom about of a second; 

but they carry the division three steps farther, to tlie subtilissuaa 
(jMzramdttu), which e(|iials ^- g y o j tyg-ffiroth of a day, or very nearly 
'j'^^g'g'th ot a second. 

We have introduced here a statement of these miiuitu subdivisions, 
hceausc they form a natural counterpart to the immense periods which wo 
shall soon have to consider, and are, with the letter, curiously illustrative 
of a fundamental trait of Hindu character; a fantastic imaginativeness, 
w'liicli delights itself with arbitrary tlicorizings, and is unrestrained by, 
and careless nf, actual realities. Thus, having no instruments by wbich 
they could measure even seconds witli any tolerable precision, they vied 
with one another in dividing the second down to the farthest voiic(*ivab1e 
limit of minuteness; thus, seeking infinity in the other direction also, 
while they w’ero almost dcstitiilo of a chronology or a history, and could 
hardly fix with accuruey the date of any event beyond iJie memory of 
the living generation, they devised, and pul forth as actual, a fruiuu- 
work of chronology reaching for millions of millions of years back into 
tlic past and forward into the future. 


12.... Of thirty of these slclcreal days is composed a month; 
a civil (sdva7ia) mouth consists of as many sunrises; 

13. A lunar mouth, of us many lunar days (hUz); a solar 
(sdura) month is determined by the entrance of the sun into a 
sign of the zodiac: twelve mouths make a year. ... 

We have here described days of three different kinds, and months 
and years of tour; since, according to the commentary, the last clause 
translated means that twelve months of each denomination make up a 
year of the same denomination. Of some of tliesu, the practical use 
and value will be made to appear later; but as others arc not elsew here 
referred to in this treatise, and us scvei^ are merely arbitrary divisimhi 
of time, of which, so far as we can discover, no use has ever beeu made, 
it may not be amiss briefly to characterize them here. 

^ ^f the measures of time referred to in the twelfth verse, the day is 
ei^cntly the starting-point and standard. The sidereal day is the time' 
of the earth's revolution on its a-vis; data for determining its length are 
given below, in v. 34, but it does not enter as an element into the later 
proq^sses. Ner is a sidereal month of thirty sidereal ilays, or a sidereal 
year of three hundred and sixty such days (being less than the true 
sidereal year by about six and a quarter sidereal days), elsewhere men- 
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tioned in this worhi or, so &r as wc know, made account of in any 
Hindu metliod of re^oning time. - The ciril {tdirana) day is the natural 
day: it is counted, in India, from sunrise to sunrise (sec below, v. 3G), 
and is accordingly of variable length : it is, of course, an importaiit 
element in all computations of time. A month of thirty, and f year (if 
three hundred and sixty, such days, arc supposed to have formed tl)c 
basis of the earliest Ilinuu chronology, an intercalary month being added^ 
once in five years. Tltis method is long since out of use, however, and 
the montli and year referred to here in the text, of thirty and three 
hundred and sixty natural days respectively, witlmut intcrcaIatioii.s are 
elsewhere assumed and made use of only in determining, for astrological 
purposes, the lords of the month and year (sec below, v, 52). 

Ihc standard of tiic lunar measure of time is the lunar mo^h, the 
period of the moon’s synodical revnlntion. It is reckoned cither from 
iicw-inoon to new-mooii, or from full-moon to full-moon; gcuctnliy, the 
former is called mukhya, “ primary',” Riid the latter ydnno, ** secondary ”: 
but, according to our coininciilatoi*, either of them maybe denominated 
primary, although in fuft in this trcntiKC, only the firsi of them is so 
regarded; and the secCndary lunar month is that which is rertkoned 
from any giver, lunar day to the next of the same name. This nutniul 
mouth, eoiitainiug about tweiity-nijie and a half days, moan solar time, 
is then divided into thirty liiiiai' days (tithi), and this division, allhougli 
of so unnntnr.al and arbitrarA’’ a cliaraete.r, the lunar days beginning and 
ending at any moment of tlic natural day and night, is, to the Hindu, 
of the most in-oinincnt pvnetieal importance, since by it arc regidatcil 
the performance of nuiny religions ecremonies (see below, xiv. 1 ’6), and 
upon it depend the chief c(j:usiderations of propitious and unpropitious 
times, and the- like. <K the lunar year of twelve lunar months, liow- 
cvev, we know of no use made in In.lia, either forracrly or now, except 
ns it has been introducc.l and ('inployod by the .Mohaininedans. 

Finally, the yotir !a.st imnitioncd, the solar year, is that by which lime 
is ordinarily reckoneil in India. It is, liowcvcr, not the tropical solar 
year, whic.h w e employ, but the sidereal, no .‘icccMint Ito'ng made of tlio 
precession of the cqninoxeN. I'lic solar montli is measured by the con- 
tinii.tiice of the. smi in each successive sign, and varies, .‘iceording to the 
rapidity of bis motion, from about twciity-niiie and a third, to a little 
more than thirty-one and a half, days. There is no day curresponding 
to this measure of the month and of the year. 

In the ordinarv reckoning of time, these elements are vurionsly com- 
bined. Tlirougiiout .Soiithuni India (see Warren's Kaln Sankalita, 
Madras: 182.5, \t. 4, etc.), the year and month- made use of arc the 
solar, and the day the civil; the beginning of each month and year 
being counted, in practice, from the siinriso iu!.''.i'cst to the moment of 
their actual comnienccment. In all Northern iidia the year is hmi- 
solar; the month is lunar, and is divided into both lunar ami civil (ls)'s 7 
the year is composed of a variable mniibcr of inoiiUiR, eitlie-r twSve or 
thirteen, beginniug always with the lunar month of wliieh the com- 
meuccmeul next precedes the true commencuinciit of the sidereal year. 
But, underneath this division, the division of the acUiall sidereal*year 
into twelve solar moiitlis is likewise kept up, and to maiutain the con- 
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ciirrence of )ihe civil and Iiiiiar da)-B 9 and die lunar gnd iiolar montlifly ia 
a process of j^teat-ci^'plcxity, into the deUila of which we need not 
enter here WatronV as above, p. Of, etc.). It will be seen later in 
this chapter (vv. 46-61) "diat the oiit7a^ddli4nt8 redcons time bjr diia.. 
latter syi^nt, by the combination of civil, liinar, and sidereal elffincmts. 

. IS.... This IB called a da;^ of the gods. 

14. The day and night of the go« and of the demons are 
mutually opposed to one^a|iother. Six times sixty of them are 
a 3 ’ear of the gods, and likewise of the demons. 

“ This is called,” etc.; that is,, as the commentaiy explains, tlie ^rear 
composed of twelve solar months, ns bein^ those fast mentioned; the 
sidereal year. It appears to us very questionable whether, in the first 
instance, anything more was meant by calling tlie year a day of the 
gods than to intimate that those beings of a higher older reckoned time 
hponji grander scale: just as the month was said to be a day of the 
Fathers, or Manes (xiv. 14), the Patriarchate (v. 18), a day of the 
Patriarchs (xiv. !!T), and the .Foil (v. *20), a‘dli|f-of Brahma; all these 
bchig familiar Puranic designnlioiis. ^ thaastroiiomiral reconstruction 
of the Piintnic system, liowevcr, a physical ineaillng has been given to 
this day of tlie g^s; the gods arc mado to reside at the north pole, and 
the demons at the south; and then, of course, during tiie naif-year 
when the sun is noith of the- equator, it is day to the gems and night to 
the demons; and during the other half-year, the contrary. The subject 
is dwelt upon at some length in the twelftii chapter (xii. 46, etc.). 
To make such a division accurate, the year ought to be the tropical, and 
not the sidereal; but the author of the Shn’a-Sicldhknta has not yet 
began to take into account the precession. See what is said npon this 
sucnect in the third chapter (vv. 9-10). 

The year of the gods, nr the divine year, is employed only in. des¬ 
cribing the immense periods of which the statement now follows. 

16. Twelve thousand of these divine years are denominabsd^^ 
a Quadruple Age i^aturyuga ); of ten thousand times four hun¬ 
dred and thirty-two solar years 

16. Is composed that Quadruple Age, with its dawn and twi¬ 
light. The difference of the widen and the other A^, as 
measured by the difference in the number of the feet of Virtue 
in each, is as follows: 

17. The tenth part of an Age,, multiplied successively by fom*, 
three, two, and one, gives tbc length oi the (roldea and the other 
Ages, in order: the sixth part oi each belongs to its dawn and 
twilight. 

’ Thc^ period of 4,320,000 years is ordinarily sidled Great Age (ma- 
- hlLyuga)i or, as above in two instances, Qnadnjlile Age {caluryi^). 
In the.SnJ 7 a-Sidilhkntn, however, the former terin is not once found, 
and the latter qccurs only in these verses; elsewhere, Age (yuga) jtJjpue 
is en4>1oyed to denote it; and always denotes it, unless expressly Hsatted 
by the name of the Golden (krki) 
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The compoiit^ ot flia Age; or 

Great Age, is tben as follows: 

, V ‘ ' 

IMviee jean. 


Dawn, 

4oo 


■i 4 ^dod" 

Golden Age (krta yt^), 

4ooo 


i,449;ooo ‘ 

TwOigbt, 

4oo 


■ 44,000 

Total dnratlon of the Golden Age, 


4.800 

1,728,000 

Dawn, 

3 oo 


ic8,ooo 

Silver Age yuffa), 

3 ooo 


1,080,000 

Twili|d>^ 

3 oo 


108,000 

Totel dmation of the Silver Age, 


3 ,Goo 

1,296^000 

Dawn, 

aoo 


72,000 

Breien Age (<bd/Mira yuffa), 

2000 


720,000 

Twilight, 

200 


72,000 

Total duration of the Brexeii Age, 


2,400 

B64fioat 

Dawn, 

lOO 


36,000 

Iron Age (io/t yuffo). 

lOOO 


360,000 

Twilight, 

lOO 


36^000 

Total duration of the Iron Age;' 


1,200 

. 432,<XiO 

Total duration of a Great Age, 

12,000 

4,320,000 


Neither of the names of the last three ages is onee mentioned in the 
Shiya- Siddhhnta. The first and last of the fonr arc derived from the 
game of dice: Arte, “ made, won,” is the side of the die marked with 
four dots->rtho lucky, or winning one; kali is the side marked with one 
dot only—the unfortunate, the losing one. In the other names, of 
which we do not know the original and proper meaning, the numerals 
<rt, **three,” and di'd, “two,” arc plainly recognizable. The relation 
of the numbers four, three, two, and one, to the length of the several 
periods, as expressed in divine years, and also as compared with one 
another, is not less clearly apparent. The character attached to the 
dfiferent Ages by the Hindu mythological and legendary histor}' so 
closely resembles that which is attributed to the Golden, Silver, Brazeu, 
and Iron Ages, that we have not hesitated to transfer to them the latter 
appclla^ns. An account of this character is given in Mann i. 81-86. 
During the Golden Age, Virtue stands firm upon fonr feet, truth and 
jnstiuc abound, and the life of man is four centuries; in each following 
Age Virtue loses a foot, and the length of life is reduced by a centnxy, 
so that iii the present, the Iron Age, she has but one left to hobble 
upon, while tlie extreme age attained by mortals is but a hundred years. 
Sec also 'Wilson’s Vislmn For&na, p. 622, etc., fo - a descriptimi of the 
vices of the Iron Age. 

This system of perils is not of astronomical origin, although the 
fixing of the com'meq^lBment of the Iron Age, the only possibly his¬ 
torical point in it, is, as'we shall see hereafter, the result of astro- 
non^l computation. Its arbitrary and artificial charactfr is spparant. 
It is t]|e system of the Pur&nas and of Manu, a part of the received 
Hindu-cosmogony, to which astrongeny was compelled to adapt itself. 

9 
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We ought to remark, however, that in the text it8e|f of Manu (i. 68-71) 
the duration of the Great Age, called by him Divine Age, is given as 
twelve thoustod'years simply, and that it is his commentator who, by 
asserting these to be divine years, brinp Mann's cosmogony to an agree¬ 
ment with tluit of the Pnr&xus. Tins is a strong indication that the 
divine rear is an afterthought, and that the periem of 4,320^000 years 
• is an expansion of an earlier one of 12,000. Vast as this |period is, 
however, it is far from sat^fng the Hindu craving after infinity. We 
are next called upon to c<^^uct a new period by mulUpiying it by a 
thousand. 

18. One and seventy Ages are styled here a Patriarchate 
{manvantara); at its end is said to bo a twilight which has the 
number of years of a Ooldcn Age, and which is a deluge. 

, 19. In au .^on (kdlpa) are re^oned fourteen such Patriarchs 
(manu) with.their respective twilights; at the commencement of 
the jEon is a fifteenth dawn, having the length of a Golden 
Ago. , 

Tlie J2on is accordingly thus cumposed: 


Divine yean. Solar yean. 


The introductorj dawn, 

4 , 8 oo 

1 , 738,000 

Seventy-one Great Ages, 

85a,ooo 

306 , 730,000 

A twilight, 

4,8qo 

1 , 738,000 

Duration of one Fatriardiate, 8 S 6 , 8 oo 

3o8,448.ooo 

Pourtei^l^triarL-liates, 

11 , 995,300 

4 , 318 , 373,000 

Total duration of an .^Eon, 

13,000,000 

4.330,000,000 


Why the factors fourteen and aevciity-one were thus used in making 
np the JEon is not obvious; unless, indeed, in the division by fourteen 
is to be rci'ogiiizcd the influence of tlie number seven, while at the 
same time sucli a division funiished tlie equal twilights, or interme¬ 
diate periods of transition, which the Hindu theory demanded. The 
system, however, is still tli.it of the Piirfinns (see Wilson’s Vish. Par. p. 
24, etc.); and Mann (i. 72, 79) presents virtually the same, altliough he 
has not the term .^lon (kalpa\ W ststes simply that a thousand Divine 
Ages make up a day of Brahma, and seventy-one a Patriarchate. The 
term manvantara^ ^ patriarchate,” means literally *' another Manu,” or, 

“ the interval of a Manu.” Manu, a word identical in origin and mean¬ 
ing with our “ man,” became to tlie Hindus the name of a being pepr 
sonified as son of the Sun ( Vivasvant) and progenitor of the human,, 
race. In each Patriarchate there arises a new Manu, who becomes for'■ 
his own period the progenitor of mankind (see Wilson’s Vish. Put. p. 
24). 

20-. The jEon, thus composed of a thousand Ages, and which 
brings about the destruction of all that exists, is styled a day of 
Brahma; his night is of the same length. 

2i. His ei^treme age is a hundred, according to this valoUtion 
of a day and a night.... 
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We have already Mid'indiditionB of anlfitoiimed dertniction of 
exieting tiiiiigi at the tcnuhation'of fhel lesser peric^.oaM the Ago 
and the Patnarehate, in the necessity of a neer rei^idiraolf oif virtue said 
knowl^ge for every and of § new fother of thei bnn^n niec for 
every Fatnarcbate. These are loft, it slioiild i^eni, to dicfifushow the 
system of'eosmicol periods sroir to laawer'and larger dimensions. The 
foil de^opment of it, as exhibited in the Pnrhnaa .and.here, admits only 
two kinds cf destmetion: tlie one occTu:]^|foik.pft the end of each ASon, 
.or day of Bnyima, when all creatures, altli^ffi^not the substuice of the 
worli^ nndeigo dissolution, and remain huriM in chaos daring his nio^t, 
to be created anew when his day bemns again; the other t&ing pWe 
at the end of Bmlima's life, when all matter oven is resolved intojffo 
ultimate source. 

According to the commentary, the “hundred” in verso 21 means a huh* 
drod years, each composed of three hundred and sixty days and iiightii 
and not a hundred days and nights only, as the text might he understood 
to signify; since, in all statements respecting age, years are necessarily 
understood to be intended. Tlie length of Brahma’s life would b^ 
Uien, 864,000,000,000 divine years, or 311,040,000,000,000 solar years. 
This period is also called in the Purh^s a jortro, “extreme period,^’ and 
its half a jmr&rdha (see Wilson’s Vish. Ihir. p. 2.9}although the latter 
term has obtained also an indepenilcnt use, as signifying a period still 
more enormous (ibid. p. 630). It is curious that the commentator does 
not seem to recognize the aftinitr with this period of the expression 
used in the text, param tlyuh, “ extreme age,” but gives two different 
explanations of i^ both of which arc forced nml unnatural. 

'Hie author of the work Wore iis is modestly content- with the number 
of years thus placed at his <lisposu1, and attempts nothing farther. So 
is it also with the Pur&nas in general: although some of them, as the 
Vishiiu (Wilson, p. 63i )«assert that- two of the greater pardrdhag con¬ 
stitute only a day of Vislinu, and others (ibid. p. 25) that Brahma’s 
whole life is but a twinkling of the eye of Krsh^a or of ^ivn. 

21.... The half of his life is past; of the remainder, this is 
the iirat ^ikin. * 

22. And of this ASon, six Patriarofts {manu) are past^ with 
their respective twilights; and of the Patriarcli Mann son of 
Yivaavaiit, twenty-seven Ages are post; 

23. Of the present, the twenty-eighth, Age, this Golden Ago 
is past: from tills point, reckoning up the time, one should com¬ 
pute together the whole number. 

TIjc desiguation of the part already elapsed of this immense period 
seems to be altogetlier arbitrary. It agrees in general with that given 
in the Pur&pi^ and, so far as the Patriarchs and theii periods are con¬ 
cerned, with Monu -a||| 0 . The name of the present .^it is l^rdha, 
“ tliat of tlie boar,’* because Brahma, in performing anew at its eom- 
iiieuQcment the act of creation, put on the fonn of thyt animal (see 
Wilson’s Vish. I’ur. p. 27, etc.), one preceding is call^ the Pdama^ 

“ that ef the lotus.” lliis iiomcn<dature, however, is not universally 
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accepted,: under the wdrd kalpot in the Iiexio(P|f J35htling^ and Roth, 
nay be found an^er system of names for then periods. Mann (i.'61, 
62) gives the-Af^es of the Patriarchs of the past Patriarehates; the 
Phrtoas add other particulars respecting them, and also respecting thon 
whirh are still to come (see Wilson's Yish. Pnr. p, 2S9, etc.). 

The end of the Golden Age of the current Great Age is tbs . time at 
vrliich the Shiya-Siddh&nta claims to have been revealed, andthti'epedi 
froiU which its calculation^nrofeas to commence. We will, according, 
as the San directs, compq|£!^e number of years which are snpposed to 
have elapsed before that pctiod. 


Dim of eoirent AIoii, 
Six'Patriiidistes, 
Tventy-sevai Great Ages, 


Divine yean. 
4,800 
5 ,i 4 (^ 8 oo 
3a4,ooo 


Soler /eus. 

1,738,000 

1,850,688,000 

116 , 640^000 


Total till eommeneement of present Great Age, 
Golden Age of present Great Age, 

Si 

Total time elapsed of current ^Eon, 

Half Brahma's life. 


5 , 469,600 

4,800 

5 . 474,400 

433 , 000 , 000.000 


1 , 969 , 056,000 
. 1 , 738,000 

155,530^000,000^000 


Total time efapsod from begimiing of Brah¬ 
ma's Ufe to end of last Golden Age, 


43 3,oo 5 ,474,400 155^531,970,784,000 


As the existing creation dates from the conimenccnieut of the current 
AiaUf the second of the above totals is the only one with which the 
Sftrya-Siddh&nta henceforth has any thing to do. 

We are next informed that the present order of things virtually b^n 
at .1 period less distant than the coinmenccnient of the iE!on. 


24. One hundred times four hundred and seventj-four divine 
years passed while the All-wise was employed in creating the 
animate and inanimate creation, plants, stars, gods, demons, and 
the rest. 


Tliat is to say: 

Divinr yean. 

From the total above given, 5,474,4oo 

fleduet the time ooenpied in oeation, <f^4ou 

a, — ■ ■ ■■ ■ ■ — 

the remainder is 5 , 437/100 


Si'iar years. 
*. 970 , 784.000 
«7,o64/)00 

*i953,7ao,o(x> 


This, then, is the time elapsed from the true commencement of the p.x- 
isting order of thinjra to the epoch of this work. Tiic deduction of this 
period as spent by me Deity in the work of creation is a peculiar feature 
of the S&rya-Siddh8nta. we shall revert to it later (see below, under 
vv. 20-34), as its significance cannot be shown until other data are 
before us. ■ 


25. The planets, moving wrestwani with exceeding velocity, 
but constantly beaten by the asterisms, fall behind, at a rate 
precisely, cqu.'il, proceeding each in its own path. 

26. JXence they have an eastward motion. From the number 

of their revolutions is derived their .daily motion, which is dif- 
-ferent according to the uze of Ibcif in pTO]^iiion^^ this 

' daily motion i&j pass through the iJitetisms. 
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■J . 

■ 

27. One which jnO^ swifUy passes th'rouj^ them in a short 
time; one which moves slowly, m a long time* /By their move¬ 
ment^ the revolation is accounted complete' i|t the ^ of the 
astenain Reval£ 

Wehste hero proroDted a part of the physical theoiy of the planetary 
motions, that which' accounts for the mMO modona: the theory h sup¬ 
plement by die ^lanation given in the chapter of the disturbing 
rorcos which give rise to the irr^]a^ties^^0^romeut. The earth is a 
aphero, and sustained immovable in the eraCro of the nniverse fxii. 32), 
while all the heavenly bodies, impelled by winds, or vortices, called pro- 
vectors (ii. 3), revolve about it from east to west. In this general wmt- 
ward movement, the planets, as the commentary e»lains it, are, 
to their weight and the weakness of their vortices, beaten by the aiHF 
isms (nakshatra or hAo, the groups of stars constituting the lunar man¬ 
sions [see.below, chapter viii], and used here, as in various other pllKiea; 
to dengnate the whole firmament of fixed stars), and accordin^y &11 
behind (lam&antsahihun/ur, delabuntur), as if from shame: and this is 
the explanation of their eastward motion, which is only apparent and rela¬ 
tive, although wont to be regarded as real by those who do not under¬ 
stand the true causes of tilings. Hut now a new element it introduced 
into Uie theory, which does not seem entirely consbtent with this view of 
the merely relative character of the eastward motion. It is asserted that 
the planets lag behind ef|ually, or that each, moving in its own orbit, 
loses an equal amount daily, as compared with the osterisma. And we 
shall find farther on (xii. 73-80) tliat the dimensions of the planetary 
orbita are constructed upon this sole principle, of making the mean daily 
motion of ^h planet etistward to be tbe same in amount, namely 
11,856.717 ytganeu: the amount of westward motion being equal, in 
eadh caseyi to the difToronoe between this amount and the whole orbit of 
the planet. Now if the Hindu idea of the symmetry and harmony of the 
universe demanded that the movements of the planets should be equal, it 
was certainly a very awkward and unsatisfactory way of complying with 
that demand to make tiie relative motions alone, as compared with the 
fixed stars, equal, and the real motions so^'aslly difierent from one riii- 
other. Wo would rather expect that sordjpncthod would have been de¬ 
vised for making the latter come out alike, and the former unlike, ami the 
result of ditferenccs in the weights of the planets and the forces of the 
im])ellii^ currents It looks as if this principle, and the conformity to it 
of the dimensions oftho orbits, might have come from those who regarded 
the apparent daily motion as the real motion, lint we know that Ary.a- \ 
bha^ held the opinion that the earth revolved upon its axis, causing 
thereby thp apparent westward motion of the heave ily bodies (see Gole- 
brooke's Hindu Algebra, p. xxxviii; Essays, ii. 467^, and so, of course, 
that the planets really moved eastward at an equal rnte among the stars; 
and although the later astronomers are nearly unanimous ng.tiii4>t Iiiiii, 
we cannot nelp surmhfing that the theory of the planetary orbits ema¬ 
nated from him or his school, or from some otlier of like opinion. It is 
not nijpn record, so far as we jtvo aware, that any Hindu* aslronomor, of 
aim ]^|^nod, held, os did sothi^oF the Greek philoso|>hers (sec Whewell's'f- 
Histtty of the Inductive Sdenocs, B. V. ch. i), a heliocenttic theory. 
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The absolute motion eastward of all the planets bein^^ equal, their, 
apparent motion is, of course, in the (inrerse) ratio of th«r distance, or 
of the din^sions of their orbits. 

The woird translated ** revolution” is bhoffanOf literally “ t^p of aster* 
isms;” the verbal root translated "pass through” is bhvjf ”enjoy,” from 
which conics also the common term for the daily motion of a planet, 
bhukti, literally **enjoyment.” When a planet has “enjoyed the whole 
troop of asterisms,” it has n^e a complete revolution. 

The initial point of the fii^ Hindu sphere, from whicli longitudes are 
reckoned, and at which tlie planetary motions are held by all the sdiools 
of Hindu astronomy to have commenced at the creation,' is the end of 
the asterism Kevatl, or the beginning of A 9 yinl (see chapter viii. for a 

g 11. account of the asterisms). Tls situation is most nearly marked by 
of the piindpal star of Revatl, which, according to tlie Shiya* 
Sid(ti^ata, is 10' to the west of it, but according to other authorities 
exaem coincides with it. That star is by all authorities identified with 
C Fimum, of which tlie longitndo at present, as reckoned by us, from the 
vernal equinox, is 17* 54'. Making duo allowance for the precession, we 
find that it coincided in position -with the vernal equinox not far from the 
middle of the sixth century, or about A. D. 570. As such coincidence 
was the occasion of the point being fixed upon as the beginning of the 
sphere, the time of its occurrence marks approximately the era of the 
fixation of the sphere, and of the commencement of the history of modern 
Hindu astronomy. Wc ear approximately only, because, in the first 
place, as will be shown in connection witli the eighth chapter, the accu¬ 
racy of the Hindu observations is not to be relied upon within a degree; 
and, in the second place, the limits of the asterisms being dready long 
before fixed, it was necessary to take the beginning of some one of them 
as that of the sphere, and the Hindus may have regarded that of A^vinl 
as sufficiently near to the equinox for their purpose, when it ww» in fact, 
two or three degrees, or yet more, remote from it, on either aide; and 
each degree of removal would correspond to a difference in time of about 
seventy years. 

In the most ancient recorded lists of the Hindu asterisms (in tiie texts 
of tlic Black Yajur-Teda ai^of the Atharva-Veda), Ertlikk, now the 
third, appears as the first. Ve time when the beginning of that astcr- 
iism coincided with the vernal cquinqx wouI>i be nearly two thousand 
years earlier than that given above for the coincidence with it of the first 
point of Agvini. 

t 

28. Sixty seconds (vilcald) mke a minute sixty df 

these, a degree {hfidga) ; of thirty of the latter is composccl.' a 
sign {rugi ); twfilve of these are a revolution 

The Hindu divisions of the circle are thus seen to .be the same with 
the and with our own, and we aliall accordingly make uscy in 

translating, of our own familiar terms. Of the.-second (viAirid) vei^' little 
practical u-se is made; it is not more than two or three timetf alluded to 
in a\i the rest oi the treatise. The minute (Aafd) is inuch more often 
called lipid (or liptikA) ; this is not an wo|d, b^ waa 

borrowed from the Greek xiwvoir. The la call^ eitm 

cmyay both words, like the equivalent Greek word /*»pa, mean a ^art, 
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portion.” Tbe proper signification of rdp, translated ** tago” is simply 
“ heap, quantityit is doubtless applied to designate a sign as l^ng a 
certiiiii number, or sum, of degrees, analogous to the use,.of ffaria in 
bhaffana (explained kbore, in.the last note), and of rAfi itself dinardpt, 
“sum of days” (below, v. 53). In the Hindu description of an arc, the 
sign is as essential an element as the degree, and no area of greater length 
Uian tl|i|rty degrees are reckoned in degrees alone, as we are accustomed 
to reckon them. The Greek usage Was the. same. Wo shall hereafter 
see that the signs into which any circle of renf^ution is dirided are named 
Aries, Taurus, etc., beginning from the point which is regarded as the 
starting point; so that these names are applied simply to indicate ihe 
order of succession of the arcs of thirty degrees. 

29. In an Age {yugo\ the revolutions of the sun, Meroai^) 
and Venus, and of the conjunctions {^hra) of Mars, Saturn, 
and Jupiter, muying eastward, arc four million, three hunted 
and twenty thousand; 

30. Of the moon, fifty-seven million, seven hundred and fifly- 
three thousand, three hundred and thirty-six; of Mars, two 
million, two hundred and ninety-six thousand, eight hundred 
and thirty-two; 

31. Of Mercury’s conjunction {(iiyhraX seventeen million, nine 
hundred and thirty-seven thousand, and sixty; of Jupiter, three 
hundred and sixty-four thousand, two hundred and twenty; 

32. Of Venus’s conjunction {dghra), seven million, twnty-two 
thousand, three hundred and seventy-six; of Saturn, one hun¬ 
dred and forty-six thousand, five hundred and sixty-eight; 

33. Of the moon's apsis («cca), in an Age, four hundred and 
eighty-teij^ht thousand, two hundred and three; of its node {pdta\ 
in the contrary direction, two hundred and thirty-two thousand, 
two hundred and thirty-eight: 

31. Of the asterism.s, one billion, live hundred and cighty-two 
million, two hundred and thirty-seven thousand, cig^t hundred 
and twenty-eight.... 

These .are the fundamental and most important elements upon wiii>jh 
is foiiiidcil the astronomical system of the Shrya-Siddhilnta, IVe pi-osent 
them below in a tabular fonn, but must fi^t explain the ehavaetor of 
some of thotii, especially of some of those contained in verse 29, which 
we have omitted from the table. ^ 

The revolutions of the sun, and of Mars, Jupiter, and Saturn, reijuire 
no remark, aave the obvious one that those of tiic snn are in f:ict sidereal 
revolutiodt of the earth almut the sun. To the ideraaT revolutions of 
the moon we odd also her synodical revolutions, anticipated from the next 
following passage (see v, 35). By the moon’s “apsis” is to bo uinler- 
Btood her apogee; ucea ia literally “height,” i. o. “extreme distance 
the commCBtary explains it by mandocca^ “ apex of slowest motionas 
the same word is used to desi^ate tbe aphelia of the planets, we were 
obliged to-teke m .translating it the indifferent term apsis, which applies 
eqnplte^ both gliocentric and hclbcentric motion. The “iioilc” is the 
aaednaing node (see ii. 7); tlie dual “nodes" is never employed in this 
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work. BilE''the apparent motions of the pkineta are greatly complicated 
by the iact|^ unknown to the Greek and the HMu, that they are revolv¬ 
ing abou^ centre about which the eartii also is rovplnug. 11^611 any 
. planet is^ the opposite ndi^ pf the sun from us, and ilT^cordin^y mov¬ 
ing in space direction, conti^' to cun, the effect of our change of 

place is to increase the rate of its apparent chan^ of place; ^afn, when 
It is iipon onr side of tlie sun, and moving in the same dirc^on^tli ffv, 
the effect of our motion j^,to retard its apparent motion, andiwen 
cause it to seem to retrogtyffft This explains the- “revolutions of the'^ 
eoj^'nction” of tlic three superior planets: tlicir “comnnetions” rmlye,. 
at» same rate with the earth, being always upon the opposite sne of 
tbp-wo from us; and when, by the combination of' ita pwji proper 
motion with that of its conjunction, the planet gets .into the latter, its 
rate of- apparent motion is greatest, becoming l«u in proportion as it 
removes from that position. The meaning of the word which we haro 
trau&tea “ conjnnction ” is “ swift, rapid: ” a literal rendering of it 
would bo “ swift-point,” or “ apex of swiftest motionbii^ after 
much. ,deliberation, and persevering trial of more than one term, wd have 
concluded that ‘‘conjunction” was the least exceptionable word-by 
which w'e could express it. In the case of the inferior planets,'the 
rcii'olution of the conjunct ion* takes the place of the proper motion of 
the planet itself. By the definition given in verse 27, a planet must, in 
order to complete a revolution, pass through the whole zodiac; this 
Mercury and Venus are only able to do as tiicy accompany the son in 
bis impaibnt annual revolution about the earrii. To the Hindus, too, 
wh 0 ,{$^ uo idea of their proper movement about the sum. the annual 
motibii must have seemed tlic principal one; and tliat by vi^se.of which, 
in tlieir prograiB throngh the zodiac, they moved now farter and now 
slow'er, roust have appeared only of secondary importance. term 
“ conjunction,” as used in reference to these planets, must blOiiftricted, 
of course, to the superior conjunction. The physical theories by 'which 
the effect of the conjunction {fighra) is cxplwned, arc given in the next 
chapter. In the table that I'ullow's wc have placed opposite each planet 
its own premer revolutions only. 

It is nither to be obsurv^ that all the nimibevs of revolution^' ex¬ 
cepting those of tlic inoona apsis and node, are divisible by four, so 
that, properly speaking, a quarter of an Age, or 1,080,000 years, rather 
than a whole Age, is their common period. This is a point of so much 
importance in tlio system of the Sfltrya -Siddh&nta, that wo have added, 
in a secoud coluim, the number of revolutions in the lesser period. 

Tn the third column, we add the period of revolution of each placet, 
as found by dividing by the number of revolutions of each ^ number 
of civil days in an Age (which is equal to the number of rinfeal days, 

g iven in v. .34, dimimslicd by the number of revolutions ofsun ;..8eo 
clovsv. 37); they are expressed in days, nhdlst 
tious, the latter may be converted into sexageuntals of t^^ird order 
by moving the decimal point on'b' place farther to the righf "^ 

‘ In the fourt|i column are given the mean daily motions. 

Wc shall praient later soine.comparisoiljjrf th^ 
adopted in other ayatems astronomy, ataclent abd 4|»deini./ 
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tendcnt of the Aincriciin Epliemcris aihI Nautical Almanac. Tlio posi- 
tionn of the prini.iry planets are obtained 1^ LoVerrior’s times of side¬ 
real revoltitiuii, given in the Anuales de FObservatoire, tom. ii (also in 
Bjot*s Astroiiomie, S*"** edition, torn, v, 1857), that of the moon b}r 
Peirce's tnbl^ and those of its apogee and node by ITanscn's I'ablcs de 
la Lune. The origin of the Hindu sphere is rt^arded ns being 18^ 5 
8" cast of the vernal cquiiiojr of Jan. 1, 18G0, and 50*^ 22' 29'^ west of 
that of Feb. IV, 3102 11. G., the precession in the interval being 68° 2?' 
3?". We add, in a second column, the mean longitudes, as reckoned 
fronn.tlie vernal equinox of the given date, for the sake of comparisou 
with', the similar data given by Ilcntlcy (Hind. Ast., p. 125) and by 
Biully(Ast Ind. et Or., pp. Ill, 182), which wc also subjoin. 

Positions of the Planets^ midnight^ at Ujjagint, Fch. 1^-18, 3102 B. C. 


Pluet. 

1 

.From (Mginitinv | 
of liinilu qilipra. 1 

Lonsitado. 

llcnib'y. 

llailijr. 

Sun, 

a 

- 7 

f 

5i 

•' i 

48 ■ 

• 

3or 

! 

45 

n 

43 

• 

3oi 

1 

ri 

• 

3i'i 

• 

5 

f • • 

5? 

Mercury, 

- 4i 

3 

2G ' 

368 

34 

5 

367 

35 

■j6 

361 

i4 

31 

Venus, 

+ 24 

58 

59- 

334 

36 

3n 

333 

44 

3? 

334 

33 

18 

Mars, 

- 19 

49 

36 ' 

389 

48 

5 

MM 

55 

»9 

386 

55 

56 

Jupiter, 

+ 8 

38 

36 ; 

3i8 

16 

7 

3i8 

3 

54 

3io 

33 

10 

Saturn, 

- 38 

I 

i3 ; 

a8i 

36 

f8 

380 

1 

58 

393 

8 

31 

Moon, 

- I 

33 

4i 1 

3o8 

3 

5o 

3rj6 

53 

42 

300 

5i 

16 

da apsis, 

+ 95 

*9 

31 i 

44 

56 

4a 

6r 

13 

36 

61 

i3 

33 

do. node. 

+198 

24 

45 

i4B 

j 

16 

144 

38 

33 

i44 

3? 

4i 


The want of agreement between the results of the throe different in¬ 
vestigations illustrates the diflicnity and iim-ertaiiity even yet attending 
inquiries into the positions of the heavenly bodies at so remote an 
epoch. It is very possible that the calculations of the tistronomcn who 
were Uic framers of the Hindu systeni may have lufl them tq suppose 
the approach to u conjunction nearer than it actually was; bnt, hofvever 
that may be, it seem.s hardly to admit of a doubt that the epocli' was 
arrived at by astronomical calculation i‘.arri(‘d backward, and that it was 
fixed upon as the date of the last general conjunction, and mode' to 
determine the commencement of the present Age of the worhl, because 
the errors of the assumed positions of the planets at that time would 
b(; so small, and the iiuinber of years since elapsed so ^rcat* as,to make 
the errors in the mean motions into which tliosc positions entered as 
an element only trifling in amount. 

The moon’s apsis and node, however, were treated in a different 
manner. Their distance from the initial point of the sphere, as shown 
by the table, was too great to be disregarded. They were accordingly 
iagly exempted from uic general law of a conjunction once in 1,080,000 
ycar^ and such a number of revolutions was assigned to as should^ 
make their positions at the epoch oom.c out, the one a 'quadrant, the 
other a Imlf-revolution, in advance of tlie initial point of tlid-'hphere. 

)Ve can now see why the dodnetion spoken of above (v. 24), for-tune 
spent in creation, ncederl to bo made. In oarder to bring all -the pUtnets 
to a position of mean conjunction at the epoch, the time piwf^sly 












Translation and If(4es. . 


19 


i. 34.]. 

clapited must bo an exact mnltiple of the lesser period of 1,080,000 years, 
or the quarter^Age; in order to give its proper position to ^e moon’s 
apsis, that time must contain a certain numl^r of whole A^'s, which 
arc the periods of conjnnction of the latter with the planets, toother 
with a remainder of three ^arter>A^s; for ■ the mocoV node, in like 
manner, it must contain a ceitsin number of hali^-Ages, irith a remainder 
of one quarter-Ago. Now the whole number of years elapaod between the 
beginning of the ASon and that of the current Iron Age is equal to 1826 
quiirter-Agos, with an odd surplus of 864,000 years: from it subtract 
an amount of time which shidl contain this surplus, together with ti]iree, 
seven, eleven, fifteen, or the like (any number cxcc^ing by th^-ill^ul- 
tiple of four), quarter-Ages, and the remainder will fulfil tlie coitditious 
of the problem. The deiluction actually made is of fifteen- periods + 
the surplus. 

This deduction is a clear indication that, as remarked above (under 
V. 17), Uic astronomical system was compelled to 4idapt itself to an 
already established Piiranic chronology, it could, indeed, fix the firc- 
vionsly undetermined epocli of tliu coinmcnccmcnt of the Iron Age, but 
it could not. alter the arrangomeut of tlie preceding periods. 

It is evident that, with whatever accuracy the mean positions of the 
planets may, at a given tirue, be ascertained by observation by the 
Hindu astronomers, their fulsu assumption of a conjunction at the epoch 
of 3102 B. C. must introtluce an elumciit of error into their determina- 
litm of the planetary motions. The annual amount of that error may 
indeed be small, owing to the n-iiiotencss of the e|>och, and the great 
number of years among which the errors of as.*>uiiicil position 4re divi¬ 
ded, yet it must in time grow to an amount not to be ignored or neglect¬ 
ed even by observers so inaccurate, and theorists so unscrupulous, as the 
Hindus. This is actimlly the case with the elements of tlie Siirya-Sid- 
dhfinta; tlie positions of the plauets, as calculated by them for the 

{ >rcsent time, are in some cases iiuarly 9° from the true places. The 
atcr astronomers of India, however, have known how to deal with such 
diflSenUies without abrogaling their ancient text-books. As the Sfirya- 
Siddh&nta is at present employed in astronomical calculations, there are 
introduced into its planetary elements certain corrections, called b’ja 
(more property vtja ; the word means literally “ seed” ;■ we do not know 
now it arnved at its present significations in the mathematical language). 
Thai this was so, was known to Davis (xVs. Rea, ii. 236), but lie was 
nnable to state the amount of the corrections, excepting in the case of 
the moon's apsis and node (ibid., p. 275). Bentley (Hind. .Ast., p. 179) 
gives tliciii in full, and upon hw authority we present tlieiii in thn 
annexed table. They are in the form, it will be noticed, of additions to, 
or subtractions from, the number of revolutions given for an Age,- and 
the numbers arc all divisible by four, in order n't to interfere witb the 
calculation bv the Icsspr period of 1,080,000 years. AYc have added 
^tho corrootMl number of revolutions,- for both the gwater anik lesser 
period, th^ corrected time of revolution, expressed in IBnda divisions of 
the day, and the corrected amount of mean daily motion. 

These jcorrections were first applied, according to Mr. Bcnt1i'\^(As. 
li20), about the banning of tl^ sixtoontli centiirv; they are 




p^fiaented by several treatises of that as well as of later date, not having 
yet supeneded by others intended to secure yet greater correctiieBS. 

Mean Motiont of the Pkauti eA corrected by the blja. 



Sun, 

Hsrcuiy, 


Sstnni, 

Moon, 

“ apsia 
“ Dode, 


o 4 « 3 ao,ooo 

- i6 17 937.044 
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1,080,000 
4 , 484 .a 6 i 
1 , 755,591 
574, ao 8 
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36,645 
14 , 438,334 
iaa,o49l 
I S 8 ,o 6 o^| 


OorraetMi 
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87 

aa 4 

686 

4 , 33 a 

10,764 

a? 

3 .a 3 a 

6.794 


15 3i 3.i4 

58 II I.a6 
4i 56 1.35 

59 5o 5.87 
a4 56 5.56 
S3 3o 1.11 
19 18 0.16 

7 I a 3.37 

16 58 0.66 


Corrected 
dallf nioiion. 


59 8 10 10.4 

4 5 3a 19 54.5 

1 36 7 43 1-8 

3i a6 a8 ii.i 

4 59 8 34.9 

a o a3 a8.9 

i3 10 34 5a 3.8 

6 40 58 30.7 

3 10 44 55.0 


We need not^ however, rely on external testimony alone for informa¬ 
tion as to the period wlicn this correction was made. If tlic attempt to 
modify the elements in such a manner as to make tlicm give the true 
positions of the planets at the time when they wera so in^ificd was in 
any tolerable degree successful, we on^lit to be able to discover by cal¬ 
culation the date of the alteration. If we ascertain for any given time 
the positions of the planets as given by the system, and com[)arc tlicm 
with the true positions as found by our best modern methods, and if wc 
then divide the differences of position by the differonces in the mean 
motions, wc shall discover, in each separate case, when the errur was or 
will be reduced to nothing. The results of such a calculation, made for 
Jan. 1, 1860, are given below, under v. 67. We sec there that, if regard 
is had only to tlie absolute errors in the positions of the plaucts, no con¬ 
clusion of value can be arrived at; the discrepancies between Uic dates 
of no error are altogether too great to allow of their being regarded as 
indicating any definite epoch of correction. If, on the otlier nand, we 
assume the place of the sun to have been the standard by which tlio 
positions of the other planets were tested, the dates of no error are seen 
to piunt quite distinctly to the first half of the sixteenth century os the 
Lime of tnc correction, their mean being A. i>. 1641. Upon this as¬ 
sumption, also, we see why no correction of blja was applied to Mars or 
to the moon: the former had, at the given time, only just passed his 
time of complete accordance with the sun, and the motion of the moon 
wan also already so closely adjusted to that of the sun, that the differ¬ 
ence between their errors of position is even now less than 1^.. ;Noi^ 
is there any other supposition which will explain why the scriodii error 
in the position of the sun himself was overlooked at the tinio of the - 
general correction, and why, by that correction, the absolnte en’ors of 
position of more than one of we planets an made grater,.tiian they,, 
would.'.••therwise have been, as is the case. It is, in Bhoiir^4H||fy evident 
that the alteration of the elnnonts of the SfiryarSiddh&niP^liich was 
effected early in the sixteenth centuiTy was an .adaptation the errors 
of position of't^o other |d£neti to that of tm^aun, assumM to .]{{|»<eor- 
nct and reganiM as the standard. 
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Kow if it is pcmiblc by this method to anive approximatoly at ' 
dale of a correction^pplied to the elements of a Siddhhiita, it ehoald- 
btf pouible in like inaoner to anive at the dale of those olciuants tlicm- 
aelvea. For, owing to the falae anumption of position at the epoch, 
there is but one point of time at which any of the periods of revolution 
will give tlie true place of its plauet: if then, aa is to bS presumed, the 
true places were nearly determined when any treatise was composed^ r. 
and were made to enter as an element into the construction of its ' 
system, the comparison of the dates of no error will point to the epoch of 
its composition. Hie tnetliod, indeed, as is well known to all tho^^^ 
have made any studies in the history of Hindu astronor^, has amH^ 
been applied to this purpose, b^ Mr. Bentley. It was first origit^l^Ml 
and put forth by him (in vol. vi. of the Asiatic licsearches) at a time 
when the false estimate of the ago and value of the Hindu astronomy 
presented by Bailly was still the prevailing one in Europe; he 8 trena> 
ously defended it against more than one attack (As. Res., viii, and Hind. 
Ast.], and finally employed it very extensively in his volume on the 
History df Hindu Astronomy, as a means of determining the age of the 
dilfereut Siddhkntus. Wc present below the table from which, in the 
latter work (p. 126), he deduces the age of tlie Surya^iddh&nta; the 
column of appi^ximatc dates of no error wc hare ourselves ^ded. 


Table of Errors in the Positions of the Planets, as ealeulaUd, 
for successive periods, according to the Surga-Siddk&nta. 


FluwL 


I Mercury, 
Venus, 
Mars, 
Jupiter, 
Saturn, 

• Moon, 

i " apsis. 

1 ** node, 


Iron Am 0,1 1. A. 
B.C. 3102. n. V. 


200), 1 1. A. 3000,' T. A. 3(09, T. A. 4192, j When I 
. 1102.1 B. U. 102.1 A. 1). .m A. a 1091. ewra«; 


9 52+iti 54 948 38 ao+3 ai 4c-1 la aSi 945 
3? 3i -16 3i a6;-8 35 ar-3 i4 45+1 i4 3j 939 
a6 3a-f 6 4*? 23 4-4 8 la -t-a a6 3r. 4o 58 29 i458 

44 16 - 8 aS 39-4 7 2'-1 31 -47 40 4i i4| 906 

43 ao fio 37 37'4'5 11 544-1 5o lu-i 4 25i 887 

So 48 - a 9 i-i'-o 5a 33'-o 18 3c -o on! 1097 
9 .16-16 7 4 t-9 5 S6!-4 36 36-0 43 lol 1193; 

59 314-ia 3i ii|'4-7 3 i>3 33 194-0 3i 5o| ii88_ 


4-33 a5 35!-(.a5 
-3a 43 36 -a4 
4-ia 5 424- 9 
-17 2 53 -la 
+ao 59 3 4-15 
- 5 53 41 3 

-3o II aS -a3 
4-a3 37 3i +17 


From an average of the results thus obtained, Bentley ilraws the con¬ 
clusion that the iSiirya-Slddh&nta'dates from the latter part of the elev¬ 
enth century; or, more exactly, A. D. 1091, 

The general soundness of Bentley’s method will, wo apprchcml, be 
denied at the present time by few, and he is certainly entitled to not a 
fittle^cj^it for his ingenuity in dovisiog it, for the persevering industry 
»Q#n in its application, and for the xeal and boldness with which he 
proponnded ana defended it He succeeded in throwing not a little 
tight upon an obscure and misapprehended siibj ct, and his investiga- 
.tions have ,coutribateil very essentially to our present understanding of 
the Hind^^i^teras of aatronomy. But the details of h» work ssre not 
i to ba^ acclipted without careful testing, and his general conclusion.-* arc 
often onsoud, and require essential modification, or are to be rejcctod 
altegfjjj^.^ This we willVattempt to show (a connectiaa^witli his treat¬ 
ment Of the Sfii'va-Biddhknta, . -. 1 . 
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r.'.yin tlie first place, BcDtloy has made a vcr)' serious error in that part 
Ijil-'his calcnlationa it hich concerns the planet Monmi^. As tlint planet . 
iraSt at tllQ epoch, many dcgfoca behina iu aasmacu place, it vas neces¬ 
sary. of course, to assign to it a slower than its true rate of motion. 
But the rate actually given it by tiie text is not quite enough slower, 
and, instead of cxliaiistiiig the original error of position in the tenth 
; century of our era, as stated by Bentley, would not so dispose of it for 
iiiany liuiulred years yet tc come. Ucnco the correction of the Af/o, as 
.reported by Boiiticy himself, instead of giving to Mercury, as to all the 
roet,i^n more correct rate of motion, is made to have the contrary effect, 
in' .order the sooner to ran out the urigiual error of assumed position, 
and' produce a coincidence between tlic caicnlntcd and the true places of 
the planet. 

In the case of tho other plaiiet.s, the times of no error firand by 
Bentley agree pretty luuirly with those which we have ourselves ob¬ 
tained, both by calculating backward from tlic errors of A. D. 1860, 
and by calculating ilownwiird from those of 1>. C. 3102, and which arc 
presented in the talilc given utiflcr vci-sc 07., ('pon comparing tho two 
tables, liowevcr, it will be seen at once tliat Bentley’s conclusions are 
drawn, not from the sidereal errors of position of the planets, but from 
the errors of tlieir positions as compared with tliab of tlic sun, and that 
of tho sun’s own error lie makes no account at all. This is a method of 
proccdui'e which certaiulr requires a iniicii fuller explanation and jnstiii- 
cation than he has seen iit anywhere to give of it. Hindu sphere 
. is a sidereal one, and in no wise bound to the raov'inncnt of tho sun. 
The sun, like the other planeU, was not in the position assumed for him 
at the. opocli of 3102 B. C., and consequently the rate of motion 
assigneil to him by the system is palpably different from tlic real one: 
the sidereal yccar is about three minutes and a half too long. Why then 
should the sun’s error be ignored, and the sidereal motions of tlio other-' 
planets coimiilcred only witli reference to the incorrect rate of motion 
established for him? It is evident that Bentley ought to have taken 
fully into consideration the sun'.s position .-dso, and to have shown either 
that it gave a like result with those obtaincil from the other planets, or, 
if not, what was the reason of the discrepancy. By failing to do so, he 
has, in oar <ipinion, omitted the most fundamental datum of the whole 
calculation, and the one which leads to the most important o^nclusions. 
W'c have seen, in treating of the that it has been the aim of the 
modern Uiiidu astronomers, leaving the sun’s error untouched, to amend 
thosi: of the otlicr planets to an accordaTicc with it. Now^c.aa things 
are wont to be managed in tlic Hindu literature, it would be Ho mgittW 
for surprise if such corrections were incorporated into the text ifttlillr 
ha^l not the Stirya-Siddh&nta been, at the beginning of the sixtdi^ih. 
centuiy, so wMcly distributed, and its data so universally known, and 
had not the Hindu scdcuce outlived already that growing And productive 
period. <>f its history when a school of astronomy might put forth a om-/ 
rected text of an ancient authority, and expect to see it make its 
to general acceptance, crowding out, and finally^ causing to disap^r,' 
thcdolder verston-^uch a process of alturatiott^might, in our view, have 
{msBcd ujion it^’iind such a text might have fie'en handed down 1^ our 
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f iwiR w Bentley vonld liavc pronounced, jspon internal evidence, to hay^ 

been compoBed earl/in the siiteenlib cehtarj; vrbilC) ncverUiclcss, tm-: 
originid error of the Run would remain, untouched 'and increasing, to in¬ 
dicate what wu the true state of the case. 

Bnt what is the actual position of things with regard to our Sid- 
dbftntaf We find that it presents us a set of planetary elements, which, 
when tested by the errors of position, in the manner already explained, " 
do not appear to have been constructed so as to give the true sidereal 
pontions at an^ assignable epoch, but which, on the oilier hand, exhi^* 
evidences of an attempt to bring Uie places of the other planeta W 
accordance with that of the sun, made sometime in the tenth a|p!eflp^ 
century—the precise time is very doubtful, the discrepancia' of the 
times of no error being far too great to give a certain result. Now it is 
as certain os anything in the history of Sanskrit literature can be, that 
there was a Sfirya-Siddhitnta in existence long before tliat date; there 
is also evidence in the references and citations of other astronomical 
works (see Colebrooke, Essays, ii. 484; Hind. Alg., p. 1) that there have 
been more versions than one of a treatise hearing the title; and we have' 
seen aliove, in verso 0, a not very obscure intimation that the present 
work docs not present precisely tlic same elements which had been ac¬ 
cepted fonncrly as those of the S(irvR-Sidd1u\iita. 'What can lie nearer, 
then, than to suppose that in the tenth or oleroiith century a correction 
of btja was calculated for application to the olcmciits of the Siddh&nta, 
and WHS then incorporated into the text, by the easy alteration* of four 
or five of its verses; and accordingly, tliat while tlie comparative errors 
of the other planets betray the date of’ the •■orrectioii, the absolute error 
of the sun indicates approximately the true linte of the treatise 7 

111 our table, the time of no error of tJie sun is given as A. D, 250. 
The correctness of tliis date, however, is not to lie too strongly insisted 
upon, being dependent upon the correctness with which the sun's place 
was first detenuiued, and tlicn^ referred to the point assumed as the 
origin, of tlic sphere. It was, of course, impossible to observe directly 
when the sun’s centre, by his mean motion, was 10' east of ^ I’iseiiim, 
and there arc grave errors in the determination by the llindns of the 
distances fimn tiiat point of the other points fixed by them in their 
xodiac. And a mistake of 1° in the determination of the sun's plaqe 
would occasion a difi'crcncc of 425 years in the resulting date of no 
error. We afaall have occasion to recur to this subject in connection 
with the eighth chapter. 

There is also an alternative supposition to that which we have made 
above, respecting the. conclusion from the date of no error of the suii. 
If t^'e error in the snnS motion were a fundamental feature of the whole 
Hindu Hvsteiii, appearing alike in all the differ'nt tcxt'bopks of the 
science, that date would point to tlie origin rathe * of the witolc system 
than ofttfiy treatise which might exhihit it. But although the different 
Siddli&ntas nearly agree with one another respecting the length «f the 
' sidereal year, they do not entirely accord, as is made evident by the 
following statement, in which arc included .all the anthoptieB to which 
we have access, cither in the original, or aa reported by Colchrobke, 
Bentley, and Warren: 



JSClryc^S^idnta. 




-Autetiir- 

PAul^jkrSiddhAnta;.'' 

ArjB>SiddMotBi, 

l4i^u>Arj%SiddhAntii, 

8iddhAota>^roiQaqLi, 


■UBlih of sMmwI jrMT. 

jan36*.56 
365"^VlJi 36 
365 6’ n 3 j.5q; 
365 S- la 3o.84 
36i[S'i':6 19 3o 
365 6 19 9 


■4-3m.a5iM 

+ 3 90 ^ 

%: +3 

58 .«S .. 


first five these miglit be regarded as nnimportant yik 
i the same error, but it would seem that the Inst is an itadepend 


^ t^e same error, but it would seem that the Inst is an ^dependetit'^ 
Hei^natjlpn, and one of later date than the others; Whil^" if;^i an 
.hidi^cndibitt that of the Sfifja^iddh&nta has the appearance..of bein^ 
ikie most uicient. Such questions as these, however, are not tb bo 
hastUy decided, nor frpin single indications merely; they dwiiand the 
most thorough investigation of each dilFcrent treatise, and fte careibl 
collection ol* all the evidence which can be brought to boar upon them. 

Hidre lies Beutloy’s chief error, lie relied solely upon his method of 
^examining the elements, applying even that, as wo have seen, only paf> 
tially aiKi uncritically, and never allowing Ins results to be controlled 
or corrected by evidence of any other character. Ho liad, in fact, no 
philology, and he was deficient in sound critical judgment. He thor¬ 
oughly misapprehended the character of the Hindu astronomical liteiar 
ture, thinking it to be, in the main, a mass of forgeries framed for the 
purpose of deceiving the world respecting the antiquity of the Hin^ 
people. Many of his most confident conclusions have already been 
overthrown by evidence of which not even he would venture to question 
the verity, and we are puiwuadcd that but little of his work would stand 
the test of a tliorough examination. 

The annexed table presents a comparison of the times of mean sid^- 
re.*!! levoliition of the planets assumed by the Hindu astronomy, as rej^^c 
rcKciited by two of its principal text-books, with those adopted by tua' 
great Greek astronomer, and those which modern science has e^mished. 
The latter are, for the primary planets, from Le Verrier; for n^n, 
from Nichol (Cyclopedia of the Physical Sciences, .liOnd<ji|l 
Those of Ptolemy are deduced from the mean dsiily rates of 
longhudc given by him in the Syntoxis, allowing for the movement of 
die equinox acconling to the false rate adopted by h)m, of 36" yearly. 

Jv , , 

Comparative Table of the Sidereal Jievolutiotu of t1t€ PfaneU. 


SArya-Slddlifintii. ISlddMutSrQlroiiiaull Ptolemy. 
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TmmlatAak.a'nd Notari^ 


Ja.thA additional nj^tea at the end '"of AH^irork, ve ah^ mertX. 

tiSrtlhi 


IB npon, 



iralUect of these dat^ and of the light 
and age of the syatcin. 

34. 1 .. The number of risings of the asterisms, diminished by 
the number of^^the revolutions of each planet^reiq)ectivelj, g;ives 
the number of risings of the planets in an Am. ^ 

^ The number of lunar months ialhedifS^cebtflwelp Ihe 
number of revolutions of the sun and of the hioon. If fim ; 
tbo number of solar months be subtiMt^ the remainder ' 
dumber of intercalary months. . 

86. Take the civil days from the lunar, the remainder is the 
number of omitted lunar days {tilhikshaifa). ’Erom rising to 
rihing of the sun are reckoned terrestrial civil days; 

87. Of these there are, in an one billion, five Idmdred 
and seven^-seven million, nine hundred and seventeen thousan|^:;^ 
eight hundred and twenty-eight; of lunar day^ one billion, aw 
hundred and three milliou, and eighty; 

38. Of intercalary months, one million, five hundred and 
ninety-three thousand, three hundred and thirty-six; of omitted 
lunar days, twenty-five milliou, cighty-two thousand, two hun¬ 
dred anu fifty-two; 

89. Of solar months, fifty-one million, eight hundred and forty 
thousand. The numl}er of risings of tlie asterisms, diminished 
by that of the revolutions of the sun, gives the number of ter¬ 
restrial days. 

40. U’hc intercalary months, the omitted lunar days, the Eide¬ 
rs, lunar, and civil days—ihes^ multiplied by a thousand, are 
the number of revolutions, etc., in an .cEon. 


The data here given are combinations of, and deductions from, those 
<watained in the preceding passage {w. 20-34). For convenience of 
we present them mIow in a tabular 

In 4,320^)00 yenn. In l^OBIMUO ynmn. 


Sidereal days, 

i,58a,a37,838 

395,559,457 

deduct Mlar revoluUons, 

4.330.000 

j,o8o/X)0 

Natural, or dvil days, 

*,577,917,838 

394,4-’9.457 

Siderei^llSSaj; yous. 

4,330,000 

1,080,000 

^>J|p8tiply of sldar months in a year, 

4^DumUu^ 

13 

I'a 

5i,84i ,000 

13^960,000 

^ifouDV dcteeilr Mvolutiona, 

57.753.336 

14438,334 

deduct solar revolutions, 

4,3st\Qoo 

i,o8o^nfio 

Synoilical rovoluUous, lunar months. 

5^3^336 

14354^ 

deduct solar monthly 


110,960^000 

s^- 

Intwcslary months 

M 

“1,593,336 

398.334 


4 
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mont&i, 

mnltiplj DO, of lour doji in i 

Loop dayai 
'4^uct ciTil days, 

Omitted lunar daji^ 


53^33^336 

vdo 

i,6o3,ouo^o8o 

i.577.9»7iBa8 

a5,o8a,35a 


13,358,334 

3o 

4o(ky5c\oao 

39M79^ 57 


We-add a fevr explanatory remarks respecting some of the terms ei^ 
ployed in thu passage, or the divisions of time which they desj^aih* '* 
lie naforal dav, nycthemcron, i^ for astroiioniical purposes, ret^oned 
in the Silrya>Siddli&nta from midnight to midnight, and is of invariahje 
length; for the prnutiual uses of life, the Hindus count it from "sunrise 
to sunrise; whieu vrould cause its dur.ation to vary, in a latitude as hi^h 
as our ovrn, sometimes ns mnrh as two or three minutes. As above 
notiq^d, the system of lirahinagupto and some otliers reckon the astro*- 
noinical day also from sunrise. 

'jsL' lunar day, the lunar and solar month, and tlie general con- 

wtution of the yc^r, see above, nmler verse J:). The liiiiar'month, 
w^hich is the one practically Teckouc«l by, is named from the solar month 
in which it conimcuccs. An iiitcrcuintion takes place when two lunar 
months begin in the same solar month : the ibrmer of the two is called 
an ihtcrcalaiy month (aJAimasa, or culMni&saka, extra montli'*), of the 
same name as that which succeeds it. 

yhc term “omitted lunar day” {iilhik»hai/af “loss of a lunar day”) 
is explained by the metliod adopted in the calendar, and in practice, of 
iQaming the days of the mfuitli. The civil day receives the name of the 
lunar day which ends in it; but if two lunar days end in the same solar 
day, the former of them is reckoned as loss (ArsAayn), and is omitted, the 
dav being named from the oUiur. 

m rP S 


,, 41. The revolution.^ of the sun's a][)sis {mandet)^ moving east¬ 
ward, in an yEon, arc tlm;c hundred and eighty-seven; of that 
of ^tars, two hundred and four; of that of Mereury, three hun¬ 
dred and sixty-eight; ■ it- 

42. Of that of Jupiter, nine hundred; of that of Venus, Are 
hundred and thirty-five; of the apsis of Saturn, thirty-nine. 
Farther, the revolutions of the nodes, retrograde, are: 

43. Of that of Mars, two hundred and fourteen; of that of 
Meicury, four hundred and eighty-eight; of that of Jupiter, one 
hundred and seventy-four; of that of V enus, nine hundred and 
three; 

44. Of the node of Saturn, the revolutions in an iESon arefjBX 
hundred and sixty-two: the revolutions of the moon’s apsis and 
node have been given here already. 

In illnstration of the curious feature of the Hindu system of astronomy 
presented in this passage, wc first give the asraoxed table; which shows 
the iininbcr of. revolutions in the dJon, or period of 4,88^0,000,000 ye^ 
assigned by the text to the apsis and nude of^lkch plunc^ the relnltiug 
time of revolution, the number of years which eacii would ro<}i)|^ to 
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l^ranahJtion and Notk» 


the vernal equinox. Farther are addecT the aet^ positions Ibr Jan. 1; 
ISoOy as ^ en by Biot (Traitd d’Astronomie, tairn. v. 529); and-fia^ly, 
the error^f the positions as determined by this Siddh&nta. '' 

,T(M$ of ReoolutioM and Prttent Podtian of tiu A]^ides and Node* if 

the Planet*. 


. Bub, ! JB? 
Ifcreuiy, I 368 
. Yeniia, 535 

Mats, ao 4 

Jupiter, 9n«> 

Saturn, 39 

Podfs: 

Merewy, 488 

Vemu, 91*3 . 

Mans j ai4 
Jupiter, > 174 
Sntum, '• G 6 a : 


I i,iOa,790.7 

11 , 739 , 130.4 
8,07^766.4 
*1,176,470.6 
4,800,000.0 
110,769,330.8 

8 , 853 , 459.0 

4 , 784 , 053.2 

30,186.915.9 

34.837,586.3 

6 , 525 , 678.2 


oin.B 

543.5 

373.8 

980.4 

322.3 

5128.3 

4'>9.8 

221.3 I 

yi4.6 i 

1149.4 I 

loa.i I 


95 4 
338 i5 

97 39 

147 49 

189 9 

a54 a 4 

38 37 
I 77 a6 

I 57 49 

I 97 a'j 

I ti8 7 


100 33 

355 7 
309 24 
153 iR 
19! 55 
370 6 


- o fO 
-. 16 53 
-sii 45 

- , 5 39 

- 3 '46 

- 15 4» 


46 33 i - 8 6 

75 19 i + 3 7 

48 33 ; + 9 36 

98 54' i - J 28 

113 33 !■+ 5 45 


A more inspection of this tiible is siilKciont to show that the nindu 
astronomers did not practioallr rceogni/.c any motion of the apshles and 
nodes of the planets; siiu’o, even in the ease of those, to which they 
assigned the iiK>st rapiil motion, two llioiis.'iiul yenrs, at the IdS-st) would 
1 )6.required to produce sui-U a chaiigo of piaco as they, with their iin- 
pertbei means of observation, woiiM ho :i])]e to detect. 

This will, however, be mailu still more clearly apparent by the next 
following table., iu which we give the po.«itions of the apsides and uodta 
as determined by four ditferent te.\t*book.s of the Hindu science, for the 
commencement of the Iron Age. 

PoeiHons of the Aptides and Nodes if the Planets^ according to Different 
Authorities^ at the Commencement of the Iron Joe, 3102 B. C. 


SAryo- Siddhfinta. 

Siddli6ata- 

Arya- 

SiddnAnta. 

PilrAgatm- 

Siddli&Dta. 

(rav.) ■ 0 , 

(rev.) 

■ « 

f »■ 

(rev.) ■ 0 r ■■ 

(rev.) ■ • I I. 
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le 4ttl of the Aiya and I^ArifionSiddliftntas, from which the pou-;' 
giTea in the table are ca1(^at^ are derivedSjroin Bentley (Hind#' 
pp. 189, 144). To each position ia>p](^xed the number of oom- 
.-pleC^d revolutions; or, in the case of the nc^es, of whidkthe motion is 
retrq|rade, the number of whole revolutions of which each.'falls short 
by the anionnt expressed b^ its position. 

almost universal disagreement of these four an^oritiea with' 
to the number of whole revolutions accomplish^, and tMt- 
agjreement as to the remainder, which determines thopositi^*^ 
proye that the Hindus liad no idea of any motion of tiie,apsides aqd' 
ndro of the planets as an actual and observable phenomenon; bhti ’ 
knowing that the moon’s apsis and node moved, tlicy fancied that the 
symmetey of the universe required that those of the other planets should 
vVnove.dRO* and they constructed their systems aecordingly. They held, 
too,'l(||^>l^ be seen at the beginning of the second chapter, that the 
noct^r'and'apsides, as well as the conjunctions (plpkra), were beings, 
stationed in the heavens, and exercising a physical influence over their 
respective planets, and, as the conjunctions revolved, so must these alro. 
In filming their systems, then, they assigned to these points such a 
number of revolutions in an ^>n as should, without attributing to them 
any motion which ailmiited of detection, make their positions what they 
supposed them actually to be. Tlic differences in respect to the numltcr 
of rerolntions were in part rendered necessary l>y tlic differences of other 
featnres of the systems; thus, while that of the Siddh&nUi-(^iromani 
makes tlie planetary motions commence at the begin ning of the ./Blou, 
by that of the StLr}'a-Siddhknta they commence 17,064,000 years later 
(see abovofpv. 24), and by that of tlie Arya-Siddhknta, .3,024,000 ymuit 
later (Bentley, Hind. Ast. p. 139): in part, however, they are 
arbitrary ; for, although the B&rftgara-Qiddh&nta agrees with tho^'Sia- 
dh&nta-'^romani aa to the time of the beginning of things, its nnmben 
of' revolutions correspond only in t'lVo instances with tiiose of the latter. 

It may be farther remarked, that the close accordance of the ditfereot 
astronomical systems in fixing the position of points which are so diflbndt 
of observation and deduction as the nodus and apsides, strongly i&diotlcii, 
either that the Hindus were reinarkahly accurate observers,' And all 
arrived independently at a near approximation to flic truth, or that some 
one of them was followed as an authority by the others, or tlisit all alike 
derived their data from a common source, whether native or foreign. 
\Vc reserve tq the end of titis work the discussion of these difflatent 
possibilities, and the preseutation of data which way tend to aottleHiiKi 
question between them.. 


V 

w ^ 


, '45. Now add tc^ther the time of the six I%triarc1is (mfrf^^' 
’ with tbeir respective twilights, and -with the dawn at the com¬ 
mencement of the .£on (i(»^); farther, of the Patriarch Manu, 
son oiE^ Viyasrant, 






* It is slto^Wker probable that, iaibs two_ 

to diMgreo with tbs othen, Hs data wers stiher giv 
t&Mty.orhavobem faoorreafly topottsdlyUn. 







iocms 
's au- 


f^mhXkn ani Sbtef, 


2 » 
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46. The twenty^ven Ages (ma) lhat are jnet, iilftiikeiiA 
the present Gbldeif Am (krta ' from th^ sum 

time of creation, alroMT stated m terms of divine yeaM^' 

47. In solar years: tne'lresalt is the time elapsed at the ^dof 
the Mden Age; namely, one billion, nine hundred and'mfty- 
thr^'million, seven hand^ and twenty thousand soU^ycig 

V'We hare idready presented this computation, in-ftll, in the 
eenei S8 and 24. t 

j f j' • 

48. To this, add the number of yean of the time jjj^lpe 
past..., 

As the ShrySrSiddh&nta professes to have been revealed hj the San 
aboi^ the end of the Qolden Ag^ it is of course precluded fr^tjAang j 
any notice of the divisions of time posterior to that period i is 
nowhere in the treatise an allusion to any of the eras which an iei^y 
made use of by the inhabitants of India in reckoning time, 'mdi^h^ex- 
eeption of the cycle of sixty years, which, by its nature, is bound to no 
date or period fscc below, v, 56). The astronomical era is th0!^m< 
mcncemcnt of tJie Iron Age, the oporh, according to this Siddhhiita, of 
the last general conjunction of the planets; this coincides, as stated 
above (under vv. 29-341 with Feb. ] 8, 1612 J. P,, or 3102 B. C: fVom 
that time will hare elapsed, upon the eleventh of April, 1859, die 
number of 4960 complete sidereal years of the Iron Age. The com- 
pntation of the whole period, from the beginning of the present order 
of things, is tlien as follows; 

-• iBiilmi end of creation to end of last Golden Age, i,9l|piK>,ooo 

' Silver Age, 1,396^000 

Bnum Age, 864,000 

• OfirenAge, 4.960 2,764,960 


Total from end of creation to April, 1869, 


1,955,884,960 


Siiiice the SUrya-Sitldhftnla, as will appear from the following verses, 
reckons by luni-sniar years, it regards as the end of I. A. 4060 not 
the end of the solar sidereal year of that number, but that cd the luui- 
solar year, which, by Hindu reckoning, is completed upon the third of 
the same month (see Ward, K&la Saukalita, Table, p. xxxii). 


,'48.... Beduce the sum to months, and add the months 
oxpiied of the cuneut year, beginning with the light half at 
plUtra. ‘ 

49. Set the iwult down in two pLicca; multiply it by^^th^l 
number of intercalary months, and divide by that of solar | 
months, and add to the last rrault the numbmr of inti^rcalaiy 
months thus found; reduce the sum to days, and add tlip days 
expired of the ci^rent month; 

60. Set down in two places; multiply it^y tiBs 

number aud divide by that cn lunar days; 

subtract mm the lair result the number of omitted lunar days 


80 


^irj^''i^ddkdnkl^' 


[i.60- 


tlMii Dbbtmed: tlie remainder iai at midnight, on the meridian of 
Iwik^ \ 

51. The sum of daj% in ciyil reckoning.... 


In these verses is taught the method of one of the most important 
and frequently r<M:nrring processes in Ilinda Astronolhiy, finding, 
n^elv, of the number of civil or natural days which have elapsed at 
aii^'p^vcn date, reckoning either from the beginninff of the present 
embon, or (see below, v. 56) from any required epoch since that time. 
In the modern technical language, tlio result is uniformly styled the 
akargaiiaf “ sum of days; that precise term, however, docs not once 
occur in the text of the Sfirya-Siddliknta: in the present passage we 
have djfuganttf which means the same thing, and in verse 53 dinardpif 
*' heap or quantity of days.” 

The process will be best illustrated and explained by an cxafiiple. 
Let it be required to find the sum of days to the beginning of Jan. 1, 
1860 . 


It is first necessary to know what date corresponds to this in Hindu 
reckoning. We have iviuarkod above that the 49(i0th year of the Iron 
Age is completed in April, 1859 ; in order to exhibit tJic place in the 
next following year of the date required, and, at the same time, to pre¬ 
sent the names and succession of the months, which in this treatise are 
assumed as knowu, and are nowhere stated, we have constnictcd the 
following skeleton of a Hindu calendar for the year 4961 of the Iron 
Age. 

Solu Vetr. 


(I. a!"3®^ 

fint day. 

12. CAitra, 

Mar. 

i 3 , 

1859. 

(I. A. 4961.) 




1. VAi^iUia. 

Apr. 

«a. 

do. 

3. JjAubas, 

May 

*3, 

do. 

3 . AflhAdha, 

June 

i 4 , 

do. 

4. ^rAvaua, 

July 

15 , 

do. 

6. BhAdnpada, 

Aug. 

16, 

do. 

6 . Alvina, 

Sept. 

*6. 

do. 

7. KSrttika, 

Oct. 

*6. 

do. 

8 . MArgacfnfaa, 

Not. 

i 5 , 

do 

9. PAuaba, 

Dee. 

jS, 

do. 

la MAgha, 

Jon. 

> 3 . 

186a 

If. PhAlgana, 

Feb. 


da 

12. CAitra, 

Mar. 


da 


Iivni-iolsr 

nonlh. 

(1. A. 4961 .) 

1. OSitrn, 

2. VAifAkha, 

3. JyAiiili^a, 

4 . AnhAaha, 

5 . ^i-UTBUB, 

5 . BhAdrapada, 

7. Ajrina, 

8. XArttika, 

9 i. MAtfBfiraha, 
101 PAnsha, 

IT. MAgha, 

12. Philgnoa^' 

( 1 . A. 4962.) 
f. CAIlra, 


Ya«r. 


ffntAaf.' 


A]W. rJ, 

May:.4 

Juoa ^ 
July ni 
July 3 r, 
Aug. 29 ^ 
9 ^pt.88, 
Oek 27, 
Rot. 26 ^ 
Dee. 2% 
Jan. 24, 
Feb. 32 , 


f 8 S^ 

do, 

de.,?" 

'■■dSf' 

do. 
da 
da 
da 
da 4 
do.. 
i 86 d-.' 
do. - 


Mar. 2.3, do. 


The^names of the solar months are derived from the names of the 
asteriiBBis (sec below, chap, viii.) in which, at the time of their being first 
so designated, jhe moon wds full during their copt|puan^.. Ihe same 
nanfes are transferred to the lunar months. BdSh l^ar mtjm is divided 
into two parts; the first, called the light half (pUila pakt^ 




ilafMZa(ion and NhkB. 



gide”), lasts from neirinoon to foil rnoon^ or irhile Uie moon is 'Waxiiif; 
the other, called the,aark half (itfsAm paluhOf "black ode’’), lasts ftmn 
foil moon to new mooji, or while the moon is waning. 

The table s^ws that Jan. 1, 1860, is the eighw day of the tenth 
mon^ -of the 4||||Bt yeu of the Iron Age. Hie time, then, for which 
we have to sum of days, is 1,956,884,000 y., Omi, 1 d. 

Ifnmber of complflto yean elapaed, 1 , 955 , 8849 ^ ' 

mnltijdy by aumber of solar months in a year, la 


Knmber of montha, 
add montha elapaed of current year. 


■i3,47o.6i9^530 

9 


Whole number of months elapsed, 38,470,619^539 

Now a proportion is made: as the whole number of solar^months 
in an Ago is to the number of intercalary months in the same petkl^ so 
is the number of montha above found to that of tlie corresponding 
interc<*Uary montha: or, 

Si, 840,000 : 1 , 593 , 336 :: 23,470,619^539: 72i,384,7o3 + 

Whole nnmber of months, as above, 33,470^619,539 

add intercalary months, 73i,384,7o3 

Whole number of lunar months, 34.19a,oo 4 ,a 3 a 

multiply by number of luuar days in a month, 3 o 


Number of lunar days, 
add lunar days elapsed of current mouth, 


735,760^136,960 

7 


Whole number of luuar days elapsed, 726,760,136,9^ 

TTo reduce, again, the number of lunar days thus found to the corres¬ 
ponding number of solar days, a proportion is made, as before; as the 
whole number of lunar days in an Age is to the number of omitted lunar 
days in the same period, so is the number of lunar days in the period 
for which the sum of days is rci^uircd to that of the corresponding 
omitted lunar days: or. 


1,603,000,080 : 35,083,353 :: 736,761^136,967 : ii, 356 ,oi 8 , 39 S+ 


Wbole nnmber of lunar days as above, 
deduct omitted lunar days. 


735,760,13^967 

11,356,018,395 


Total number of dvil daya from end of creation ) . 

to beginning of Jan. 1.1860, f 7i44o4.io8,573 

^^is, then,'is tlier required sum of days, for the beginning of the year 
A.D. 1860, at miduiffht, upon the Hindu prime meridian. 

Hie first use whi^ we arc instructed to make of the iwlt thus ob¬ 
tained is an astrological one. 


61.... From this may be fi>und the lords of the day, the 
iponth, and the year, counting from the sun. If the number be 
divided by seven, the remainder marks the lord of the day, be* 
ginning with the sun. ^ 

jDivide the iuime number by the number of days in a 
mettth and in a year, multiply the one quotient by two and the 



add one to eiwb j^roduet^ and divide by seven; 
thSe^TOlitideni indicate the lords of ^ loonth and of the 
year. 

These versra explain the method of ascertaining, fr<Q|i|fce smn of days 
already fonnd, the planet which is accounted to preila over the day, 
and also those under whose chaige are placed the month and yem* Ju 
wimh tliat day occurs. 

To find the lord of the day is to find the day of the weeh, since the 
latter derives its name from the former. The week, with the uiunes and 
succession of its days, is the same in India as with us, having been’ 
derived to both from a common source. The principle upon which the 
assignment of the days to their respective guaraians was made has been 
handed down by ancient authors (see Idelur, llandbuch d. math. u. tocli. 
Clironologie, i. If 8, etc.), and is well known. It depends upon the 
division of the day into twenty-four hours, and the assignment of each 
of these in succession to the planets, in their natural orilcr; the day 
being regarded as under the dominion of tliat planet to whicli its first 
hour'belongs. Thus, the planets being set down in the order of their 
proximity to the earth, as detcnniiied by the ancient systems of as¬ 
tronomy (for the Hindu, sue below, xii. 84-88), beginning with the 
remotest, as follows: Saturn, Jupiter, Mars, sun, Venus, Mercury, moon,- 
and the first hour of tlie twenty-four being assigned to the Sun, as diiof 
of the planets, the second to Venus, etc., it will be found that the twenty- 
fifth hour, or the first of the second day, belongs to the moon; the fortji^ 
ninth, or the first of Uie tliird clay, to Mars, and so on. Thus is obtain^ 
a new arrangement of the plsuets, and this is the one in which this 
Siddhftnta, i^en referring to them, always assumes them to stsn^- (te^ 
for instance, below, v, fO; ii. 35-3?): it has the convenient propetty 
that by it the siin and moon are separated from the other planets, from 
which they are by so many peculiarities distinguished. Upon this o^er 
depend the rules here given for ascertainiug also the lords of the month 
and of the year. The latter, as appears both from tlie explanation of 
the commentator, and from the rules tlieinsclvcs, are no actual mouths 
and years, but periods of thirty and tlirce himdrcd and sixty days, fol¬ 
lowing one another in uniform succession, and supposed to be placed, 
like the day, under the guardianship oi the planets to whom belong 
their first subdivisions: wus the loni of the day is tlie lord of its first 
hour; the lord of the moiitli is the lord of its first day (and so of ^ 
first hour); the lord of year is the lord of its fint month (and 
of its first day and hour).' Wo give below this artificial arrangemenl^ 
of the plane^ with the order ii^ whicli they are foniid to succeed ou^ 
another as lords of the periods If one, thirty, and three hundred ahd 
sixty days; we add their natural order of succession, as lords of tlie 
honrs; and we further prefix the ordinary names of the days, with their 
English e^uivalenta. Other of the nnmerom names of the planets, it 
is to remarked, may be put before the word vAra to form the niuno 
of the day: vdra itself means literally "successive time,*’ or "turn,” 
ancm^liot usdd, so for as wo axe aware, in any other connection, to 
denote^a day. 






• ifu 
BaTivAn, 



Sonarlni 

MaifgalKTin, 

BndbBTAm, 

QonivAnit 

QnkniTflni, 

QuMxtt 


Monday, 

Tnuday, 

'Wodneiday, 

llranday, 

Fiiday, 

Satnr^y, 



IbOD, 

Man, 

Merauiy, 

Jnpitar, 

Venus, 

Saturn, 



At tho fint dav of the subsistence of the present order of thiagsie 
supposed to have been a Sunday, it is only necessary to divide tibsi-attei 
of uys by seven, and the remainder will be found, in the fint eelamn, 
opposite Ime name of tiie planet to which the required day bdonga. 
Tnus, taking the sum of days found abovi^ adding to it one, for^e fint 
of January itself^ and dividisg by seven, we have: 


7)714,464.108,573 

io3/>57.7a9i79^-i 


The first of January, 1800, accordingly, falls on a Sunday by Hindu 
reckoning, as by our own. 

On referring to tlic table, it will be seen that the lords of ^e months 
follow one another at intervals of two places. To find, therefore, Isj a 
summary process, the lord of the month in which occurs any given wy, 
first divide the sum of days by thirty; the quotient, rejecting the re¬ 
mainder, is the number of months elapsed; multiply thu by two, that 
each month may push the succession forward two steps, add one for tha 
current month, divide by seven in order to get rid of whole aeries, and 
the remainder is, in the column of lords of tlie day, the'immber of th* 
regent of the month required. Thus: 


30)714,404.108,57* 

a3, 813 , 470 ,a85q> 
a 


47.da8^94a>70 


7)47,fiafi^94ojS7i 

A8o3M8A5a-7 

The regent of the month in question is therefore Saturn. 

.. By a like process is found the lord of the yew, saving that, as the 

t rds of tho yew succeed one another at intervals of three places, the 
nltipUoation is by three instead of by two. Upon worUng out the 

J rocesB, it will be found that the final Kraainder is five, wfaiiA dssigiiates 
upiter as the lord of the vear at the given time. 

£xcopting here and in tne parallel passage xii. 't, Y 8 , no reference is 
made in the Sfirya<Siddhhnta to Uie week, or to the names of ita days. 
Indeed, it is not correct to speak of Ihe week at all in cofilection with 
India, for the Hindua do not aeom ever to have regarded it aa a division 
of time, or n period to be reckoned by; they knewinriy of p eertsm^er 
of snocossioD, in which the days were plo^ nndw tlw ragem^lHhe 
seven planets. An 4 since^ moreover, m mnarke;! alwve (under 11, 



'liiitifie flUit' divki6n;of fhe day into twenty-fonr hoDn 
dMNwidi'tte Older of n^nev depend^ K fottows that the whole wR' 
inigin, and introdaced into India idong with ower 
obAAedts Of the modern sciences of astronomy and astrology, to which 
' fllhidODged: Its proper foundation, the lordship of tilie successive houfi, 
is shown by the other passage fxii. 78) to have been also known to Uie 
and the name by i^icn the hours are .there called (Aorda«d(B) 
yjt^oat^ .beyon^a question the source whence'they derived it. 

Multiply the sum of days (dinardfi) by the number of 
teyolutuniB or an^ planet, and divide by the number of civil 
days; the result is the position of that planet, in virtue of its 
mean motioii, in levolutions and parts of a revolution. 


By the number of revolutions and of <;iril days is meant, of course, 
tbeir number, as stated above, in an Age. For “ position of the planet,” 
etc., the text has, according to its usual succinct inode of expression, 
simply *' is the planet, in revolutions, etc.” There is no word for po¬ 
sition^ or **place” in tl>e vocabulary of this Siddliknta. 

This verse ^ves the method of finding the mean place of the planets 
at any given time for which the sum of days has been ascertained, 
a simple proportion: as the number of civil days in a period is to the 
number <» revolutions during the same period, so is the sum of days to 
the number of revolutions and parts of a revolution accomplished down 
to the given time. Thus, for the sun: 

>•^•917^38:4,390,coo :: 714,404,108,573 : i,95S,884,96o»*8> i7^48'7" 

The mean longptndc of the sun, therefore, Jan. 1st, 1860, at midnight 
'<m the meridian of IJjjayiiii, is 257” 48' 7". We have calculatol in ^ 
manner the. poai^ns of all the planets, and of the moon*s apsis md 
node—availi^ OTtselves, however, of the permission given l^ow, ia 
verse 56, and reckoning only from tlie last epoch of exjunction, the be- 
ginniitf of the Iron Age (from which time the sum of vays -is 1,811,945), 
and aho employing the numbers afforded by the lessor perM of 
1;08Q,000 yean—and present the results in the following table. 


Jftan Pkteu qf th* Pianette Jan. laf, 1860, midniffkt^ al l/ffOgfimL 


naasc. 

V ' 1 

Aeeording to the 
^rya-8i«tliints. 

ITie laiiM 

corrected bytheMio. 

4^ i ■’ •' 1 


f 

■ 

a 

• 

• > 

a 

■ 

f 

ft 

Sua,.*. 

(4.9fo) 

8 

17 

48 

7 

8 

17 

48 

7 

itsiwfir. 

(30,597) 

4 

i5 

i3 

8 

4 

8 

36 

16 

Teaiife, 

(S,P63) 

to 

at 

8 

59 

10 

16 

11 

-'la 

Msn, 

(3.637) 

5 

34 

»7 

36 

5 

34 

17 

36 

Jupiter, 

(4i8) 

a 

a6 

0 

7 

a 

33 

4i 

4i 

Bstoniii 

(166) 

3 

30 

II 

13 

3 

a5 

8 

5o 

Sbna, 

(6S,3i8) 

>1 

i5 

33 

34 

11 

i5 

a3 

34 

* spu. 

(560) 

10 

9 

43 

36 

i» 

8 

3 

i3 

" node, 

(367-) 

1 9 

34 

a6 

4 

9 

S3 

48 

Si 


_ _ liens an. given as deduced both from the uoailwtd^sg 
vwohitions stated in the texh and from Mine as cotfeeetod toe 







: nrafiM^' ^ munbftt^ eomplQteK nTdnf;iMlft.^lMQo«lp|||j 
rince we epo^ . Ii\^«'CMes ihe moon’e. apM 
it wM necewary to empk^ the nom^n of rerdatioBf. given^lbr ,1p^ 
whole Age, then not being^ivieible bv four, ami abo to. add .to' tMf. 
ascertained amount of movement their longitude at the epoch (sMbajWr 
under vv4 57,58). , ■ 

64. Thus- also are aaoertained the places of the 
((itpAra) and apaia {mandocea) of each planet, wl||ph haVe^’ 
mentioned as moving eaatwa^; and in like muiner of 
which have a retrograde motion, subtracting the resnlt 
whole circle. 


The places of the apsides and nodes have already been given iKtoi 
(under vv. 41-44), botli for the commencement of the Iron Age, .and 
for A. D. 1850. Tlie place of the conjunctions of the three superior 
planets is, of course, the mean longitude of the sun. In the case of iha - 
inferior planets, the place of the conjunction is, in fact, the mean place of 
the planet itself in its proper orbit, and it is this which we have given for 
Mercury and Venus in the preceding table : while to the Hindu appre> 

• hension, the mean place of those planets is the same with that of the aun. 

56. Maltiplj by twelve the past revolutions of Jupiter, add 
the signs ot the current revolution, and divide by six^; tbe 
remainder marks the year of Jupiter’s cycle, counting from 
Vijayai 

This is the rule for finding the current year of the cycle of sixty 
years, which is in use throughout all India, and which is called the cycle 
of Jupiter, because the length of its years is measured by the passage 
of tliat planet, by its mean motion, through one sign of the xodiac. 
According to the data given in the text of this Siddbftnta, the length' of 
Jupiter’s year is ,361*10" 38™; the correction of the btja makes it about 
ipm longer. It was doubtless on account of the near coincidehcai^ 
tnis period with the true solar year that it was adopted as a raeasurw^ 
time; but it has not been satisfactorily ascertained, so far as we ato 
aware, where the cycle originated, or what is its age, or why it was 
made to consist of sixty years, including five whole revolutions of the 
planet. There was, indeed, also in use a cycle of twelve of Jnpitei^s 
years, or the time of one sidereal revolution : see below, xiv. Ifr Davia 
(As. llcB. iii. 209, ete.l and Warren (K&la Sankalita, p. 197, etc.) have 
to^eted at some lengtii of the greater cycle, and of the different modes 
.l.irf reckoitoff und naming its yean usual in the differenjii provipcea of 
India. . 

In illustration of tiic role, let ua ascertain the y 'ar of the lycle cor¬ 
responding to the present year, A. D. 1859. It is net iieewBeiy to make 
the calculation fironi the creation, as the rule contcniplatos; for, since ^ 
the number of Jupiter’s revolutions in tlie period of 1,080,000 yWn is 
divisible by five, a certain number of whole cydea, without a remiinder, 
w^jj; Itare elapsed at the beginning of the Iron Age. IheaiwrolutisDs ^ 
the phmet siuQoMhet time, aa stated m the table last g|ivehi'«to4|]^&d 
itisin tbe Sidrigh of the 419th mveltitioa}'-toeFi^imuElion'bftoe%b<M 


H' SArya-Siddhdntaf [i.d0 


mMMtti «( movement to sjg^e ehowi na that the eurreni year M the 
d019th noce the ej^h: divide thii by 60, to cast-out whole cydee, and 
remainder, 80, is the Dnroberof tlie year in the current cycle. This 
Jkteatiae nowhere aives the_ names of the years of Jupiter, but, as in the 
"ceae of the monus, the siciis of the xodiac, and other similar matteis, 
assumes them to be already fiiroiliarly known in their succession: wc 
accordingly present them below. We take them flum Mr, Davis's paper, 
alluded to above, not having access at present to any original authority 
which ^ntains them. 


1. Tv*7*- 

3. Jays. 

31. PnunAdin. 

33. Anando. 

4i. ^imukhx 

43 . BliAvx 

3. MMmatha. 

33. KAkshasa. 

43 . Yuvaa 

4- Durmukha. 

34. Analx 

44. DhAtar. 

5 . Hemaliunba. 

35. l*iiii|^la. 

45. l^vara. 

6. Vilamha. 

36 . KAlayakta. 

46 . I^^udhanya. 

7. YiUriii. 

37 . Siddhartlua 

47- PramAthia 

8. Qwvart. 

9k Aava. 

38 . RAudni. 

48. Vikranuu 

391 Durmati. 

49 . Bhr 97 a 

lOi Cobhakrt 

3o. Dundubhi. 

5<i. CitraUiAna 

11. ^Uiaiia. 

3i. RudbirodgArin. 

Si. SubhAnu. 

IX Krodhia 

33. RaktAkshx 

52. TArana 

i3. Yi9vtvaaa 

33. KnxUuiDa. 

53. PArthiva 

i4 Faiibhava. 

34 . Kshaya. 

54 . Vyaya 

iSi Flavanga. 

35. Prabhara. 

55. Sairrajit. 

i6k Kilalia. 

36. Vibhava. 

56. SarvMhiria 

17. Siamya. 

37 . (,'ukla. 

. 57 . Virodhia. 

18. SAdhArans* 

38. Prainoda. 

58. Yikrtu. 

19b Yirodhakrt. 

39 . PrajApatL 

59 . Khara. 

sa FtfidhATin. 

4o. Angiraa. 

6a Nandana 


It appears, then, that the current year of Jupiter’s cycle is named 
Prajhpati: upon di\ iding by the planet’s mean daily motion the part of 
the current sign already passed over, it will be found that, acconiing to 
the text, that year commcuGcd on the twimiy-third of FebriiaTy, 18^0; 
or, if the correction of the hija be admitted, on the thiivl of April. 

Although it is thus evident that the SCirya-i^iildh&nta regards both 
the existing order of tilings and the Iron Age as haring Iwgun with 
Vyaya, that year is not generally accounted as the first, but as the 
twenty-sevento, of Uie cycle, which is thus made to commence with 
Pmbhava. An explanation of this discrepancy might perhaps throw 
important light upon the origiu or liisU>ry of the cycle. 

This ibethod of reckoning time is called (sec below, xiv. 1,2) the 
bArhatpatya nidmiy “ measure of Jupiter.” 


56. The prooesseB which have thus been stated in ftill detail^ 
are practically applied in an abridged form. The calculaiion of 
the mean pmee of the planets may bo made from any epoc]^ 
(yu^a) that may be fixed upon. 

57v Now, at the end of the Dolden Age (krla yuga^ all ihe 
planets, by their mean motion—excepting, however, their nodes 
god apsides Imandoeea )—^are in conjunction in the first of Arics.^ 
58< ^.e moon’s apsui (uoca) is in the first of Capricorn, 
its vodg is in the firat of Libra; and the rest, whicti have been 
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stated above to Have a slow motion—tbeir positioii dmtaot be 
expressed in whole signs. 

It is carioQs to observe liov the Sflrya-Siddh&nta, lest it should seem 
to admit a later origin thvi that vrhicli it claims in the second verse of 
this chapter, is compelled to ignore the real astronomiciri q>ocb, the 
banning of the Iron Age; and also bow it avoids any open .recog¬ 
nition of the lesser cycle of 1,080,000 yean, by which its calculations 
are so evidently intended to bo maile. 

The words at the end of verse 56 the commentator inurprets to mean: 
“from the beginning of tlic current, i. c., the Silver, Age.” In this he 
is only helping to keep up the pretence of the work to immemorial an- 
tiouity, even going therein beyond the text itself, which expressly says: 

“ worn any desired (tahlatas) yuga^ Possibly, however, we have taken 
too great a liberty in rendering yuga by “ (moeb," and it should rather 
be “ Age,” i. c., beginning of an Age.” The word yuga comes from 
the root yiy, “ to join ” (Latin, jungo ; Greek, ; the word itself 

is the same with jugnm^ aii<l seems to have been originally ap¬ 

plied to indicate a cyele, or period, by moans of which the conjunction 
or correspondence of ilisi'ordaiit modes of i-cekoniiig time was kept up; 
thus it still signilies alsi> the lustrum^ or fycle of five rears, which, with 
an intercalated niontii, aneieiitly maiiitninc>l the i-orrespondcnce of the 
year of .‘tGO days w’ith the true solar reur. From su«‘h uses it was trans¬ 
ferred to designate the viistt-r [loriods of the llindn elinujology. 

As half an Age, or two i>f the lesser periods, are aer(;uute<J to have 
elapsed between tltc cinl of the (loldi-ii and the beginning of the Iron 
Age, the planets, at tlio latter epoch, have again ri'tiirned to a position 
of mean conjunction : the iimoirs noile, also, is still in the first of Libra, 
hut her apsis h.as changed its ]ilace half a r:.\oliitioii, to the first of 
Cancer (sec almve, under vv. ‘Jtt-34). The positions of the a|>sides and 
nodes of tlic other planets at Uie same time hare been given already, 
under verses 41-44. 

The Hindu names of the signs correspond in signification with our own, 
having been brought into Iinlia from the West. Tliore is nowhere in 
this work any allusion to them as constellations, or as Iniring any fixed 
position of their own in the heavens; they are simply tlio iiamcs of the 
successive signs (rdyi, bha) into which any circle is divide^l, and it is left 
to he detennined by the conneetion, in any ease, from what point they 
shall be rounted. Here, of course, it is the initial point of the fixed 
Hindu sphere (sec above, under v. 27). As the signs are, in the st^quel, 
.frequently cited by name, we present annexed, for the convenience of 
reference of tliosc to whose nieiiiory they arc not familiar in the older 
of their succession, their names, Latin and Sanskrit, their numbem, and 
the figures generally used to represent tliem. 'lliose enclosed in 
brackets do not chance to occur in our text. 

1. AiIm^ <P tiufka,aja. 7 . Libra, hUd. 

a. TiuiW, B VTtban. 8. Senrfm, m [iTfciX-a,] m. 

1. Gevioi. n mUbuHtt. 9- Sagittarius, / Aoiim. 

4 Oanoer, £S karta, karbafa. lo. OapricomuB, Vf Maftoro, mfya, 

H [titiAa]. II* Aquariue, m fatfuMo. « " 

A Bp ihmgd. i9l TiuM, H [>NiRa]. 
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In the translation fiprcn altovc of the second half of verse 68, not h 
littife violence is done to the natural constmetion. This would 'seem tp'l; 
require that it be rcndeml: ** and the rest arc in whole signs (have come 
to a position which is without a remainder of degrees); they, being of 
dow motion, arc not stated liere." But the aetnal condition of things 
at the epoch renders necessary the former translation, which is that of 
the coiniiiciitator also. Wc cannot avoid conjecturing tliat the natural 
rendering was pcrhn|>s the original one, and tliat a subseq^uent alteration 
of the elements of the treatise compelled the other and forced interpre¬ 
tation to be put upon the passage. 

The cominentiirv gives the positions of the apsides and nodes (those 
of the nodes, however, in revewe) for llie epoch of the end of the Golden 
Age, but, ftirangi'iy eiioiigli, Initb in the printed edition and in our manu¬ 
script, commits the blunder of giving tite position of Saturn’s node a 
second time, for that of bis a])sis, and .'dsn of making the seconds of the 
position of the node of Mars 1 ‘J, instead of :i4. Wc tliercforc add them 
Dclow, in their correct form. 

Motion of the Apsides and Xodes of th Planets^ to the Ktal of the last 
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The metluKl of tinding the iiuan places of the planets for midnight 
oil the prime incndian h:iving been now fully explained, the treatise 
pnK'.ecds to show how they may be funnd for other places, and for Other 
times of the day. To this the iJrst rcipiisite is to know the dimensions 
of the earth. 

59. Twice eight hundn?u yojanas are tho diameter of the earth: 
the square root of ten times the square of that is the earth’s cir¬ 
cumference. 

CO. This, multiplied by the Kiiie of the co-latitude {lambajydi 
of any place, and divided by radius {tnjivd\ is the corrected 
{sphvia) circumference of tho earth at that place.... 

Tlicrc is the same difficulty in the way of ascertaining the exactness 
of tlie Hindu ineasuremcnt of the earth as of the Greofc; the uiiccr- 
taiu value, namely, of the unit of measure employed. The .jfo^na is 
ordinarily dixidcd into krofa^ “cries” (i. c., distances to which a certain 
cry may be heard); the kro^i into dhanus^ “bow-lengths,” or danda, 
“poles;” am) these again inte /inito, “cubits.” By its origin, tlic latter 


* The printed edition, by so error of the prem, ^vei 4 . 
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^oi^t Ti^ to vaiy &r ftom eighteen inclies; but the higher measures 
differ gfeativ in their relation to it. The usual reckoning makes the 
^yojana equal 32,000 cubits, but it is also sometimes regarded as com- 
'poaed of 16,000 cubits; and it is accordingly estimated by different au> 
thorities at from four and a half to ratiicr more than ten miles English. 
This uncertainty is no merely racKlcni condition of thinm: Hiiien-Tlisang, 
the Cliineae monk who vuitml India in the middle m the seventh cen> 
tury, reports (see Stanislas .fulicii’s MOnioircs do lliouc^i-lbsang, i. 59, 
etc.) that in India “arconling to ancient tradition a yojana equals forty 
li; according to the customary use <4 the Indian kingdoms, it is thirty 
li; blit tlie yojana mentioned in tlie sacred books contains only sixteen 
K;” this smallest yojana, accorrling to the value of the li given by Wil¬ 
liams (Middle Kiiig/loni, ii. 154), being equal to from tivo to six English 
miles. At the same time, lliucn-Thsaiig stales tin' subdivisions of the 
yoiaiia in a maimer to make it consist of only 16,000 ciibits. Such 
being the condition of things, it is clearly iiii|iossib]t: to appreciate the 
value of the Hindu estimate of the eurtli's iliiiiensions, or to determine 
how far the disagreement of the ditTeri;ut astronomci-K on this pnint^raay 
be owing to the dift'ereiicc of their standards of nieasiircnicnt. Arya- 
bhatta (see Culcbrooke's Jliml. Alg. p. xxxviii: Ks«ays. ii. 406) states the 
earth’s diameter to l»e 1050 tojanas: llhuskara (Siddh.-^''ir. viL 1) gives 
it as 1581 : the latter author, in hi< bilavati (i. 5. 0), makes the yojana 
consist of .IL^OOU cubits. 

The ratio of the diameter to the eir.-uinfeivnoe of a circle is here 
made to ho 1 : s/10, or 1 ; a.lit'j:;, which is no very near approximation. 
It is not a little surprising to fiml this di'tennination in tlie same treatise 
with tlie much more accurate one ntforded by the table of sines given in 
the next chapter (vv. 17-21), of . 143 s : I(i,.soi>. or 1 : ;{.14136 ; aiid then 
fortlier, tn find tlie foriiier, ainl not the latter, made iim' of in ealeulatiug 
the ditnensions of the phinetary orbits (see below, xii. 81). Jtut the 
same inoonsisteney is foiinil also in other Hstroiiornieal and mathematical 
authorities. Thus Arvabhatta (see t'olebruoke, as above) ealcolates the 
earth’s cireiiinfereiiee from its diameter by the rati») 7 :22, oc 1 : .1.14286, 
but makes the. ratio 1 : ^lU the basis of liis tal>le of sinc.s, .and Brahma¬ 
gupta and ^'ridhara also a<iopt the latter. Hhaskara. in stating the 
earth’s eircumfiTcnee at 4!H!7 vojaiiHS, is verv near the truth, since 
1581: 4967 :: 1 : 3.14168 : his Liiftvati (v. 2(>1) gives 7 : 22, and also, 
as more exael. 1250 : 3927, or 1 : 3.1416. This subject will be reverted 
to in coimeetiuii with the table of sines. 

The greatest circuiiiferunee of the earth, as cab'nlated aceording to 
the data and nictluMl of the text, is 5059.556 yojai.Hs. The astronomical 
yojana must be n-garded as an independent standard of measurement, 
by which to estimate the value of the other dim''nsions <<f the solar 
system stated in this treiitisc. To make the earth’s ncan diameter cor¬ 
rect as determined by tlic Shiya-Siddhaiita, the yojaiia should equal 
4.94 English miles; to make the eireiunferenoc eorrect, it should leqital 
4.91 miles. 

The rule for finding the eiiruinference of the earth upon a parallel of 
latitude is founded upon a simple proportion, viz., rad.: cos. latitude:: 
circ. of earth at equator: do. at the ^ven parallel; the cosine of the 
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liilll^e l^ii:^^ effect, tlie radiiu of the circle of Idtitnde. * Radius and, 
.'eoi^' of lamnde are tabular numbers, derived from the table to be', 
given afterward (see below, ii. 17-21). Tliis treatise is not accustomed - 
to employ cosines directly in its calculations, but has special names for 
'the complements of the different arcs which it has occasion to use.' 
Terrestrial latitude is styled ohiAa, “axle,” which term, as appears from 
xii. 42, is employed olliptically for ahihomaaH, “ elevation of the axle,” 
Le., “of the pole:" lamba^ co^latitudc, which properly signifies “la^ 
ginjg, depeiidcTtcc, falling off,” is accordingly tlie depreMion of die jpo^ 
or its distance from the zenith, pircctioiis for finding the co-latitude 
are given bcluw (iii. 13,14). 

The latitude of 'Washiu^on being 38” 54', the sine of its co-latitude 
is 2675'; the proportion 3438 : 2675 :: 5050.64 :3036.75 gives us, then, 
the earth's circumference at Washington as 3086.75 yojaiias. 

60.... Multiply tho daily motion of a planet by the distance 
in longitude {de^ntard) of any place, and divide by its cori'ccted 
circumference; 

61. The quotient, in minutes, subtract from the mean position 
of the planet as found, if the place be cast of the prime meridian 
{rekhd ); add, if it be west; tnc result is the planet’s mean po- 
sition at the given place. 

The rules previously stitcd have asc'crtained the mean places of the 
planets at a given midnight upcui tlie prime meridian; this teaches ns 
now to find them for the same midnight upon any other meridian, or, 
how to correct for dificrenoe of longitude the mean places already found. 
The proportion is: as the circumference of the earth at the latitude of 
the point of obacrvatioii is to the part of it intcrcepteil between that 
point and the prime meridian, so is the wliole daily motion of each 
planet to tlie amount of its motion during the time between midn^ht 
on the one meridian and on Uie other. The distance in loM^de 
{def&ntara, literally “difference of region”) is catiinated, it witf jbt^ob- 
served, neither in time nor in arc, but in yojanas. ilow it is ascertained 
is taught below, in verses 63-G5. 

The geographical position of the prime meridian (reMd, literally 
““ line ”) is next stated. 

62. Situated upon the line which passes through the haunt of 
the demons {rdkshasa) and the mountain which is the seat of the 
gods, are Hohitaka and Avauu, as also the adjacent lake. 

The “ haunt of the demons " is Lankfi, the fabled seat of R&vana, the 
chief of the R&kshasas, the abduction by whom of R&ma’s wifo^ with 
tho expedition to Lankfi of her heroic husband for her rescue, its oc* 
complislimciit, and the destruction of Kftvana and his people, form the 
aubjcH of the epic poem called the R&mftyaM In that poem, and to 
the general apprehension of the Hindus, Lankfi is tlie island Ceylon; in 
t^e astroDomii'-al geography, however (see below, xii. 80), it is a city, 
situated opon the equator. How far those who established the meridian 
jnsy have regarded the actual position of Ceylon as identical with that 
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iqrigned fj|PElwk& might not be ea^ to detennine. '!t)|e'"iMnt of the 
irods*’ ie Mottnt Mem, situated at the north pole (see below, xii. 34, w.). 
^e rnen^n is nsoidly styled that of Lanki, and ** at Lankli” is the 
ordinaiv phrase made use of in this treatise (as. for instance, abore^ v. 
BO ; below, iH. 43) to designate a situation either of no longitude or of 
no latitude. 

But the circumstance which actually fixes the position of tiie prime 
meridian is the situation of the city of Ujjayini, the of the Greeks, 
the modern Ojein. It is called in the text by one of its ancient names, 
Avantt, It is the capital of the rich and jK>puloiis province of M&lara, 
occupying the plateau of tlie Viudhya mountains just north of the 
principal ridgo and of the river Ifarniadh (Ncrbndua), and from old 
time a chief seat ui Ifinclii literature, science, and arts. Of all the cen¬ 
tres of Hindu culture, it lay nearest to the great ocean-route by which, 
during the first three centuries of our era, so iinportant a commerce was 
carried on between Alexan<iria, as the mart of lioine, and India and the 
countries lying still farther ca.st. That the prime meridian was made 
to pass diroiigh this city proves it to have been the eriidle of the Hindu 
science of astroiiiany. or its ]^riucipal seat during its early history. Its 
actnal situation is stated by Warren ffCala .Sankalita, p.'o) as lat. 23** 
11' 30'' N, long. 75° 5H' E. from Greenwich : a later authoritv, Tlioru- 
ton’s Gazetteer of India (Ixnidon: 1857), makes it to be in lat. 28® 10' N, 
long. 75® 47' E.; in oiir farther r-alcnlations, we .shall assun\e the latter 
position to be tJic correct one. 

'flic situation of Uohitaka is not so clear; we have not succeeded in 
finding such a place mentioned in any work on the ancient geography 
of India to whiolt wc have access, nor is it to he traced upon Lassen’s 
map of ancient India. A city called Kohtuk, however, is mentioned by 
Thornton (Gazuttecr, p. 830), .is the chief place of a modern British 
district of the same name, and its situation, a little to the north-west of 
Delhi, in rho midst of the ancient Kurukshetra, leads us to regard it aa 
identical with the Rohitaka of tlie text. Tliat the meridian of Lankfc 
was expressly recognizctl as passing over the Kurukshetra, the memora¬ 
ble site of the great battle tlcscribcd by the Mah4bhArata, seems clear. 
.Bhttskara (t^iddh.-^ir., (ian., lii. 2) describes it as follows: **thc line 
which, passing above Lankii and UjjayiuJ, and touching the region of 
the Kurukbhctra, etc., goes, through Alcni—that line is by the wise 
regarded as the ccjitral meridian (mmlhyarvihA) of Uie earth." Our 
own eomiiiontary also explains sannikitam aarah, which we have transla¬ 
ted “adjacent lake,” as signifying Kurukshetra. W^arren (as above) 
takes tlie same expression to be the name of a city, which seems to ua 
highly iinprohable; nor do we. ace that the Wiird saraa can properly be 
applied to a tract of coiintn-: wo have therefore thought it safest to 
translate literally the words ^ the text> confessii g that we do not know 
to what they refer. 

If Rohitaka and Rohtuk signify the same place, we bare ben a 
measure of the accuracy of the Uindu determinations of longitude; 
Thornton gives its longitude as 76" 88', or 51' to the east,of Ujpiyinl. 

The method by which an observer is to determine his distance from - 
the prime meridnm ia next explained. 

6 
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, 2k 'Wlieu, in a total eclipse of tbe moon, tb^jp^ergence 
(Mitmtlana) takes place after the calculated time for its occur* 
rence, tiien Ibe place of the observer is to the east of the central • 
■leridian; 

64. When it takes ])lace before tbe calculated time, his place 
is to the west: the same thing may be ascertained likewise from 
tbe immersion {ninulana). Alultipl}' by the difference of the4wo'' 
times in nSdis the corrected ciremutemnee of the earth at the 
place of observation, 

65. And divide by sixty: the result, in yqjanas, indicates tbe 
distanoe of the observer from tbs meridian, to the eftst or to the 
west, upon his own parallel; and by means of that is made the 
correction for difference of longitude. 

Choice n made, of course, of a lunar eclipse, and not of a solar, for 
the purpose of the deteriniuation of longitude, liecausp its phenomena, 
being unaft'ectetl by parallax, are seen everywhere at tiie s:une iiiataiit of 
absolute time; and the moments of total disappcuninrc and first reap¬ 
pearance of the n)oon in a total eclifiso an- further SLdectod, lieeanse the 
precise instant of their nocurrence U ulihervable with more aeenracy than 
that of the first and last contact of the moon with the shadow. For 
the explanation of the term-- here used see the chapters upon eclipses 
(below, iv-vi). 

The inter\'al between the eom]>iiled and observed time being ascer¬ 
tained, tlic distance in longitude (dfftintani) is found by the simple 
proportion: as the whole uimibtir of niidis in a day (sixty) is to the inter¬ 
val of time in nhdis, so is the circuinferuni;** of the earth at the latitude 
of the point of observation to the distanee of that point from the prime 
meridian, measured on the parallel. TbuN for instance, the distance of 
Ujpa}’ini from Qreenwich, in time, being 5*' ft*, and that of \\ ashing- 
ton from Greenwich 5*» 8™ II* (Am. Xaut. Alinanav), that of Ujjjayinl 
from AA^ashiugt<in is 10*> 1!“' 10*, or, in Hindu time, 9o" Sft’^ 1P.8, or 
25M718: and by the pro]>fjrtioii dO ; 2r*.t7lft :: : 1071.28, we 

obtain 1671.28 yojatia.s as the distance in bintfinulv (ilefAntaira) of 
Washington from tlie Hindu lueriilian, the eonttunt <]iiatitity to be em¬ 
ployed in finding the mean places of tlie ]ihi!icts at AVa-shin^oii. 

*^6 might have, expected that CHleiilaturs si> expert as the Hindus 
would employ the interval of timi.* diretaly in making the correction for 
difference of longitude, instead of reducing it first to its value in yojanaa. 
That they did not measnre longitude in our niaiitier, in degrees, etc., ia 
•owing to the fact that they seem ncve.r to have thought of applying to 
die ^obe of die earth the' system of meaHurement by circles and divi- 
■ions of circles which they used for the sphere of the heavens, but, even 
when dividing the earth into aones (sec liclow, xii. S9~0€) reduced all 
/heir, distances laboriously to yojanas. 

60.* The succession of tbe woek-day (vdra) takes place, to the 
•east of tbe meridiau, at a time oiler midnight equal to the differ*' 
•epee of longitude in nl^ts; to the west of the median, at a 
Aarreepouding time before tonight. 
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This rene appears to ae. to be an astroI<^cal precept^ aas^n^t ibe 
regency of the son and tiie other planets, in their order, over the-'sne* 
ceisivo «portions of time assigned to each, to b^n everywhere at the 
same instant of absolute time, that of their true commencement upon 
the prime meridian; so that, for instance, at Washinj^n, Sanda;[r, as 
the oay placed under the gnai^ianihip of the sun, wouU really btigin at 
eleven minutes before two on Saturday afternoon, by local time.- The 
commentator, however, secs in it merely an intimation of what moment 
of local time, in places oast and west of the meridian, corresponds to 
the true beginning of the day upon the prime meridian, and he is at 
much pains to defend tlic verse fr^m the cbaim of being superfluous 
and unnecessary, to which it is imleed liable, if that be its only meaning. 

The nilrs thus far given have directed us only how to find the mean 
places of the planets at a given midnight. The following verse teachea 
the nietliofl of ascertaining their position at any rcfpiirvd hour of the 
day. . ^ 

67. hruUiply the mean daily motion of a planet by the number 
of nddis of the: time fixed upon, and divide by sixty: subtract 
the quoticiit from the place of the planet, if the time be before 
midnight; add, if it be after: the result is its place 4t the given 
time. 

The pro|M>rtioii ii* as fellows: as the number of n4dis in a day (sixtv) 
is to those in the iiitcrval betwoeu midnight and the time for which tlie 
mean place of the planet i" sought, so is the whole daily motion of tho 
planet to its motion during the int-erval: aud the result is additive or 
subtractive, of course, .ai-cordiug ii> the time fixed upon is after or before 
midnight. 

In order to furnish a finictical test of the accuracy of this text^bopk / 
of astronomy, and of its ability to yiebl correct results at the present '4 
time, wc have calciiluted, b\ the rule gi\en in this verse, the mean longi« 
tudes of tho pianets for a time after luiiliiiglit of the first of Januaiy, 
■1800, on the meridian of L'jiiuyini, which is equal to the distance m 
time of the meridian of Wanliiiigloii, viz. ‘Jo" I P.8, or 0^.42433; ond- 
wc present the results in the :uincxed table. The longitudes arc given 
ns reckoned from tho vernal equinox of that date, which we make to bo 
distant 18^ o' 8‘VJ.> from the point establishcl by tbe Sfirya-SitUjjtote 
as tho beginning of thcUiiidii sidereal sphere; this is (see belof^bltp, 
viii) I o' ciwt of C L’isciuin. SVu li.avc ascertain«<i the mean places both 
as deterinined hy the text of our Siddhiinta, and by the same with the 
correction of the btja. Added arc the .actual mcaii places at the time 
designated: those of the primary planets hare bf cu found from Le Ver- 
rier's elements, presented in Biot s treatise, as cited above ;* those of 
the moon, and of her a|)«is and node, were kindly furnished us from tho 
ollicc of Uic American Naiitic.*!! Almanac, at Cambridge. , 

— ■ ■ ■ ■ ~ — - * - - - - ■ _ - 

* Wo would warn our roailcrs. luiworer, of a serious error of (bo press ia the 
taUo Mmvtm by Bipi; as tbe yearly motion of tho ssxtb, read 1,295,977.38, mitSST 
of... 972.88. ^ 
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nattdt. 


I Sun, 

I Mercury, 

! Venne, 
Mnn, 
JufHter, 
i Saturn, 

I Moon, 

1 " np«>, 

" node, 


Aoconling 10 Sdrya-Sidiihilnla: [ According 


with 


nwdenii. 


ing to I 
nil. I 


96 i8 ai 1 96 i8 31 100 5 6 

iS 5 a 3 o i 48 sS 39 r 5 i aS ao 

339 54 55 334 57 18 33 G i 3 36 

19a 36 5 19a 36 5 197 a6 3 a 

io 4 7 aa too 48 56 io 3 35 17 

ia8 17 11 i 33 14 49 i 37 10 in 

949 9 4 9-ia4va3 

3a7 5 o a 4 3 a 6 11 11 3 a 6 4 ? 35 

3 ia 39 5 i 3 io 5 o 38 3 ia 48 10 


In tlie next following table is fartlior given a view of the erroni of the 
Hilidu detoriuinations—both the absolute errors, as compared with tlie 
'ai^ual mean place of each planet, and the relative, ns compared with 
the place of tiic sun, to wrliicii it is tlie aim of the Hindu astronomical 
ajatems to adapt the elements of the other planets. Annexed to each 
error is the approximate date at which it was nothing, or at which it 
will hereafter disappear, ascertained by dividing the amoniit of present 
error by the present yearly loss or gain, almolutc or relative, of each 
planet *, excepting in the case of the moon, wIktc wc have made allow¬ 
ance, according to tlie formula usc<l by the American Nautical Alinanac, 
fbr the acceleration of her motion. 

Srrora of the Mean Lonpiiudes of the Planets, as calculated according to 

the Surm-Siddhdnta, 


. Flanet. 


Sou, 

Mercury, 

Venue, 

Men, 

Jupiter, 


Errara urcording lo ie\t: Tl 

almdate. id. to lun. 



The aeme, with luja : 

; when ! • . ' whoa 

VorM’rt.j ^ icorraoi 


A. P. j ' ' "1 A-n. 

S'lO > 0 O Oj .... 

1S17 j+o 44 5! 1970 
31361 +3 3 o 37! i5o9 
886!.I 3 43! 1455 
4303 +1 0341575 
tjSo j -o 8 36 ) i 8 a 5 
ii 3 {+o 9 3 i'1067 
1969 , +3 10 3l| 1459 
3714 ;+i 49 13! 1468 


To complete the view of the planetary motion»s and the statement of 
the elements requisite for ascertaining their position in tlie sky, it only 
remains to give the movement in latitude of each, its deviation from the 
general planetary path of the ecliptic. This is done in the concluding 
verseswof the chapter. 

68. The ^oon is, by its node, caused to deviate from tbe limit of 
«4||» declination {krdnti), northward and soutj^ward, to a distance^ 
whdn greatest, of an eightieth part of the mmutes of a circle; 
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69. Jupiter, to the niu^ part of thfit multiplied Iqr two; 
^aiS, to the name anmuut multiplied three; Mercuiy, Venus, 
'tnd Saturn are hj toeir nodes caused to deviate to the same 
amount multiplied by four. 

70. So also, twenty-seven, nine, twelve, six, twelve, and twelve, 
multiplied respectively by ten, give the number of minutes of 
mean latitude {vikahqta) of the moon and the rest, in their order. 

The deviation of tlie planets from the plane of the ecliptic » here 
stated in two different ways, wliich give, however, the same results; 
thus: 


Moon, 

a 1600 ' 
“Bo" 

— 

370^ 

or 

a?' X 

TO 

= 370* = 4 * 3 o' 

Mara, 


SB 

90' 

or 

9 ' X 

l» 

= 90* = I* 3 <y 

Mercury, 


=1 

13l>' 

or 

la' X 

10 

= lao' ss: 3 ® 

Jupiter, 

a 7 o' 

= 

(k)' 

or 

G' X 

lO 

■= ftt/ = 1 ® 

Venue, 

370' 

= 

1 3 n' 

or 

ij' X 

[O 

= lit)' =S 3 ® 

Satuni, 

•,-X4 

= 

130' 

<ir 

13' X 

10 

= fso' = a® 


The subject of the latitudr of tlie i- cuinpleted in verses 6-8, 

and verse 57, of the Ibllotving chafner; tiif foriniT passage describes 
the manner, and imlicati-s tlie dirortioii, in wiiich the node produces its 
disturbing rffci-t; the latter gives the rule for i*ali-nlating the apparent 
latitude of a plaitet at any point in its re\oliiiiuii. 

There is ti little disiTepaney l•(‘r\\eell the two {.pecineations presented 
in these versus, as reganis the ih-soriptioii of the (.piantities specified: 
the one states them to ho the iiiiiouins of greatest (yxi*‘a/;ia) deviation 
from the ecliptic; the other, of uK'aii {^nuiJkifu) deuation. Iloth iie- 
scriptions are also somewhat inae.i'nrate. The first is eorreet only with 
reference to the. moon, and lliu tw'o terms reipiire to be e«jinbincd, in 
order to be made npplieable. to the other pl.-incts. The moon has its 
greatest latitude at 00*^ from its noile, ami tiiis latitude is obviously 
equal ’to the inclination of its orbit to the eeliptie; for although its 
absolute distanec from the ecliptic at this point of its eourse varies, as 
does its distaiiee from the earth, on aecoiint 'vf the cocentrieity of its 
orbit, and the varying relation of the line of i'< apsides to that .of its 
nodes, its angular distanec remains unchanged. So, to a*, observer sta¬ 
tioned oi the sun, the gnsatest latitude of any one if t^e primary planets 
would be the same in its sueecssivc revolutions from node to node, 
and oqual to the inclination of it.« orbit, lint its greatest latitude aa 
seen from the earth is very different in different revolutions, both on 
ceconnt of the difference of its nhsointc dULuuee from the cclii>tic 
when at the point of greatest removal ilrom it in the two*halves of i ta 
otbit, and, much more, on account of its vatying distance ff-om the earthT" 
The former of these two causes of variation was not rccogniaed by the 
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IlindiM; in this treutifu, at least, tho diatancc of l^e node from tho 
apsis (mandocea) is not introdiieed as an element into the jtrocoffi for 
iltitertnining a plniiel's lalitnde. Tlu> otlicr canse of variation is duly 
allowed for (see Uflow, ii. 57). Its effect, in the case of the three snpe> 
rior planets, is to make their greatest latitude sometimes greater, and 
sometimes less, than the inclination of their orbits, according os the 
planet is nearer to ns than to the snn, or tho contrary; hence the valaea 
given in the text for Mars, dimitor, and Saturn, as they represent tho 
mean apparoiit values us hititudo, of the greatest distiiiice of each planet 
from the c« li|»tic, should nearly otjiial the inclination. In tho case of 
Mcronry ami Venus, also, the qnautitii^ stated nre the mean of the differ¬ 
ent apparent values of tliu greatest lielioeentrio latitnd^ but this mean 
is of course less, and tor Mercurv very niueli less, than the inclination. 
Ptolemy, in the dalioratc tiiscussioii of the tlioory of the latitude con¬ 
tained in the thirteenth book of his Sx ntnxis, has deduectl the actual 
inclination of the orbits of the two inferior planets: this the Ilindua do 
not seem to have attenipte<l. 

We present lielow a comparative table of tin' iiiciinations of the 
orbits of tho planets ns determined by iHolcmy and by iiKHlern astrono¬ 
mers, with those of the Hindus, .so far ns given iHreellv bv tlie Shrva- 
Siddh&nta. * ' 

fncUnaliott of the Orbife of the Plunetg, aecording toDitfereui AHthoritiesM 


' PlaiMit. 

•Srirya*Sii!iiIuinta 

Ptolemy. 

1 Ulodcma. 

1 

Mercury’, 

Venui, 

, 

■ 

9 

t 

3 

3o 

0 

1 7 
. 3 

. 1 
n 8 

33 3i I 

' Mar*, 

i I 3fi 

I 


1 I 

5i 5 1 

1 Jupiter, 

! I 

f 

3o 

I 1 

i 8 4 u 

I Saturn, 

i a 1 

3 

30 

■ 3 

39 38 

! Mfiim. 

4 3o 

1 


5 

H 4« ! 


The verb in verses 6S nml tSli, whieh v\e have tr^nslateil “canned to 
deviate,” is ri kshi/fi/ntCy litia-nliy "i*. liiirN'd aw;u.” dhjiritur; from it is 
derived tho term uni'll in this trcali-i* to signity irelosti.sl latitude, rikshe- 
pa, “disjection.” The lliniJns nn a-suro li'o latiliidc, however, as wo 
shall have occasion to notici; rnort; pni-t^nilurly hereafter, n|ion a circle 
of declination, and not upim a seconiiurx' to the ucHpiic. In tiie woids 
chosen to designate it is seen the inlliieiice of the tlieory of the.no<le*s 
action, as stated in the first verses of the Tiext chapter. The forcible 
removal is from the fioint of iJecHnatioii {kr&nH. “Mit,” or apakrama^ 
“withdrawal,” i. e., from tho celestial equator) which the planet onght 
at the timo to occupy. ‘ 

The title given to this fttst %iaptcr {odhikAnt, “subject, heading”) is 
nutdhyatiiAdhikara, which we have represented in tlie title by “mean 
motions of the planets’* although it would be more accurately rendered 
by “ mean pi,ices of the plsnebi ;** that is to sav, the data and methods 
iMaequisite for ascertaining their mean places. 2^ow follows the apflwAM. 
dkfkAra, “ chapter of the true, or correcto*!, places of the planets.” 
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CHAPTER 11. 

OV THE TRUE PLACES OF THE PLANETS. 

^ 11 

cwiaet of the irref^laritiee of the jilanetary motioni; 4-5, dhturb- 
ing ioflaeoee of the apeia and conjunction; Q-8, uf the node; 9-11, different 
degree of inregolarity of tiie motion of the different planeta; IS-IS, diAarent 
kinds of planetary motion; 14, piviwso of this chapter; 16-16, rule for oon- 
atiiieting the table of sines; 17-23, table of sines; 22-37, table of versed sines; 

28, inelinatioD of the ecliptic, and rule for finding the declination of any point in 
it; 89-30, to find^the sine and cosine of Ike luionjaly; 81-32, to find, by intciTio* 
lation, the sine or vened sine corrcsjinnding to any given arc; 33, to find, in like 
manner, the are corres}mndiDg to a given sine or versed sine; 34-37, dimensions 
of the epicycles of the planets; 38, to find the true diDiensions of the epicycle at 
any point in the orbit; 39, In find tlie equation of Uio apsiv. or uf the centre; 
40^8, to find the equation »f tli>; ci>iijiiitctiuri, or the annual equation; 43-45, 
application of tliese equations in fiiiditig the true- places of the dilfcrent plohets; 

40, correctiOD of tlic place of a plaiiut fur ditforonce between mean and apfArent 
aolar time; 47—19, ftow to correct the liaily motion uf the planets for the effect of 
the npsk; 60-61, the same for that of the conjunriiun&1-66. retrogradalioii of 
the lesuer planets; 66, ccirrui'tiun of tlie place of the node; 67-68, to find the celes¬ 
tial latitude uf a planet, uinl it« declination as uffevtud iH' latitude; 39, to find the 
length of the <luy of any phinct; tiv*. to find thi' nidiiis of the diegDal circle; 
61-08, to find the duy-»iiie, and tlie rt>i>uectivo leiiqih of the day ami night; 64, 
to find the iiuiultcr of a^terbni'i traversed by a plaiief, and of days elapsed, since 
the comniencioiicnt of th^ current revulutiuii-, T%> find thov'^a,' 66, to find 
Ute current liiuur day, and the time in li of a given instant: 67-69, uf the divisions 
of the lunar uioiith culled k>tivh<i. 

1. Forms of Timo, of statiotit-d in the zodiac 

(J}haga-ita)f ctillcd iIk*, fonjtinelioii (‘yjfti'occa), apsis {mandocca^j 
and node {pdtu), arc causes of Ihc iiuition of ilio planets. 

2. The plariots, uttached to ihesi; beings by cords of air. are 
drawn away bv them, willi tlie riglil ami left hand, forward or 
backward, tiecording to nearness, toward their own place. 

5. A wind, raorcovor, irullud prorv^Uor {pravahd) inif'cls them 
toward their own aiiiees {ttced) ; being draw n away forward and 
bjackward, they prex^ced by u varying motion. 

4. The so-called apex (ami), w'lien in the- half-orbit- in front of 
the planet, draws the planet ibrw'ard: in like manner, when in 
the half-orbit behind the planet, it draw's it I ackward. 

6. When the planets, drawn away bv their apices (ncca), move 
forward in their orbits, the amount of the motion so caused is 
called their excess {dluina ); when they move backw’ard, 4t is 
called their deficiency (r{ia). 

In these verses is laid bcibre us the Hindu tlieoir of the genorrfH* 
nature of the forces which produce the irrcgnlariUes of the apparent 



moUons, regarded as beinjfifee real motioDs, of lihe planeta. The world¬ 
wide dHTeronce between the spirit of the Hindu astronomr and that of 
the Greek'is not loss .apparent here than in the manner of presentation 
of the elements in the last chapter: the one is purely scientific, devis* 
ing methods for representing and calculating the observed motions, and 
attem^ng nothing fartherthe other is not content without fabricating 
‘ a fantastic and alwnrd theory respecting the snperhuraan powen which 
occasion the fiioveincnts witJi which it is dealing. The liiiidu method 
has this eomeiiieiit peculiarity', tliat it absolves from all necessity of 
adapting the disturbing forces to one another, and making them form 
one consistent svsteni. (.'apahle of geometrical representation and matho- 
mntical donotistration; it regan^ tlic planets as actually moving in 
circular orbits, and the whole apparatus of epicycles, given later in 
the chapter, as only a device for estimating the amount of the force, 
and of its resulting luntivui. exerted at any given point by the disturb¬ 
ing cause. 

The commentator gives two difierent expIanntioiiH of the provector 
wind, spoken of in,the third verse: one, that it is the general' current, 
mentioned below, in xii. 7!i, ns ijnjielliiig the whole finnamciit of stars, 
and which, tliough itself moving westward, drives the planets, in some 
"unexplained wuv, towards its own apex of motion, in the cast; the 
other, that a si'parnie vortex for cacli planet, called provuutor on account 
of its analogy w'ith that general ciiiTeiit, nithoiigb not moving in the 
same dir|ptioii, eaiTics them around in their orbits from west to cast^ 
leaving only tlic irregularities of their motion to be prtKhiccd^by the 
disturbing forces. This hitrer wc regard as tlic proper meaning of the 
text: neither is very consistent with the tlieoiy of the lagging behind 
of tile'planets, given iibioe, in i. 2.7, 2ti, as the explanation of their 
apparent eastward motion. The eoiriiiicntary also states more explicitly 
the methcsl of production of the distiirkince; a cord of air, equal in 
length to the orbit of each planei less the disk of the latter itselil| is 
attached to Uie exlrcmities of its diameter, and pusses through tlie two 
hands of the being stutioneil at the }>oint of dislnrbaiicc; and he always 
draws it toward himself by the shoric'r of the two parts of the cord. 
The term ucca, which wc have translated “sipex,*' applies both to the 
apsis (maada, mandaera, apex of slowc-ii! motion''—the apogee in the 
case of the sun and lunctn, the aphelion, though not mcognizeu as such, 
in tbe case of the other phiiicts), and tc* the conjunction {ftyhra, ftgh- 
rocca, ** apex of .swiftest motion"). The statement made of tlie like 
efiect of the two ii|ioo the motion of the planet is liable to cause diffl- 
culty, if it be not distinctly kqit in mind that the Hindus understand 
by the iiifiucnca of the disturbing cause, not its acceleration and retalia¬ 
tion of the rate' of the planet’s motion, but its etfect in giving to the 
planet a position in advance of, or behind, its mean place. It may be 
well, for the sake of aiding some of our readers to form a clearer appre¬ 
hension of the Hindu view of the planetar}' motions, to expand and 
illustrate a little Uiis statement of the effect upon ^cm of the two 
principal disf.urbing forces. 

m*' First, as regards the apsis. This is the remoter extremity of Uie ms^r 
a!:hi of the planet’s proper orbit, and the point of its slowest motion. 
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Ufoii paming tbis point, the planet begine to fall behind its mean place, 
but'at ilie Munc time to gain velocity, no that at the (jiiadraturc it is 
farthest behind, but is moving at its mean rate; during the next quad¬ 
rant it gninH both in rate of motion and iit place, until at the perigee, or 
perihelion, it is moving most rapidly, and lias made up what it before 
iont, so that tho mean and true places coincide. ITpun passing tilat point 
again, it gains upon its mean place during the tii'.-! qumintiii, and loses 
wliat it iiius gained during tlic second, until iiieaii and true ]>lace again 
coincide at the Hpsis. 'I'liiis tint ci|nntiori of motion is greatest at the 
apsides, ami nothing at the ijuadrutiircx, ivliilc tin' eqiiidion of place is 
greatest at the quadratures, and nolhing at the apsides; ami thus (in' 
planet is always behind its mean place while passing froiii the higher to 
the low'cr apsis, ami always in mlvance of it while ])assing from the 
lower to till! higher; that is, it is constantly drawn away from its menu 
place iowani the higlicr apsis. iiiunxil.nrca. 

In Irx-ating of tlie clVt-ct. nf ihi' ci injunct ion, tlie f";ihr<jrru^ wc have to 
distinguish two kiii'ls of i-aM s. With ainl Viims (s*'C above, 

i. 20, .‘H, 3'2j, the reviijiiliiin cf tin: ciinjnn>‘iiiiii the 'place, in th<! 

Hindu system as in the tlrcek. of that <>f the ph.iici ilsi-lf, the conjuTic- 
tioii being ii'gsirded as luakirig tho cii'-'iiit. of tin- /•••liar in the same 
time, and in the same ilireetion, as tin; ])i:tiiot reaiiy reM>Ue> aliour tlie 
suit; while the mean place of tliexe planets is always that, of the sun 
itself. While, therefore, the coiijiinctio!i i.s iiuikiiiir ilie half-tonr of the 
heavens eiistwanl from the. sun, the phinet is makMig its eastward elon¬ 
gation and returning to tin- .sii!' aifain, lii ing ail the time in advance 
of its mean ]ilaci-, the sun; wlnai the l■<•liisl 11 l■ti•lIl reaches :i point in tho 
heavens o|i|>ii>.d.e to lln- s\Mi. the |ilain'i i- i:: h.s iTifcrinf cotijniietion, iir 
at its iiieaii place; during tin- nl!ii-r halt i>f tin- revulntinu of’the con¬ 
junction, when it in nearest tin: jilauci up -.ii the Vii'-telii side, the latter 
is making and ii>sing its we>lern eUnigjitiiui, <>r i- hcliiml ii.s inoau place. 
Accordingly, ns stated in the, text, tin- planet I- i.-on.-^taiiily drawn away 
from its mean place, the sun, towanl that side of the lieavciis in which 
the conjimetioii is. * 

Once, more, as concerns the siqu-rior planets. 'Hie rcvtduiions a>- 
signcil t(j tliesL-by tlie Jlindus an- tlu-ir true revidntiens; their jiieun 
plaees am their mean liclini-eiiri'i'' liuigitmle-s: and tin* place of the. con- 
jiinciioii (]'i/ 7 /trrii-c-(i) of each L-. the mean phn-r uf the sun. .''iince tlioy 
move but .slowly, as eoiii})ai'cd with tin- .-.uii, it i- their l■(lIljnlletiou 
which approaches, overtakes, awl passes ihein, ami mu they the eon- 
junctiun. Their time of slowest, molioit is xvhcii in <i}q>ositiou with the 
nud; of Nwiftesi, when in conjiinctiuii with him: from opposition on to 
coujiinetion, therefore, or while the sun is api maehing them from be¬ 
hind, tlicy arc, with cimstantly increasing veU ‘ity of motion, all the 
whihj behind their mean plaeo.s, or drawn away irom them in the diree- 
tioii of the sun; but no sooner iias the sun overt.da'ii and passed thorn, 
than they, lca\ ing with their mo.sT. rapiil motion the ^auiit cuV'oinci 
donee between mean and true phiee, are at onec in advance, and ciui- 
tiiiiio N> huHujjmtil opposition is reached again; that i§ to say, they 
arc still drawii^away from their mean plaeo in the direction of tL^ 
conjunutioii. 


7 
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^ Tlie if^rdsNiaed in verse 5 |br ^^exem” and "deficient,” or for 
Uve tfnd ^^tnctire equation, mean literally "weaHIi” (dAoaa) and 
“debt* {put). 

6. In like manner, also, the node, Rdhn, by its proper ibree, 
oauses the deviation in latitude {viksfiepa) of the moon and the 
other planets, nortliward and southward, from their point of 
declination {apalrama). 

7. When in the half-orbit behind the planet, the node causes 
it to deviate northward; when in the half-orbit in front, it draws 
it au'sv southward. 

8. fn the ease of Mercurv* and Venus, however, when the 
node is thus situateil witli I'cgard to tluj conjunction {^^yhra). 
these two planets are eaiiscd to devisitu in latitude, in the manner 
stated, by tbe attraction exercised by the node upim the con¬ 
junction. 

The name Kiilnt, by uhioli tho a&ccnding noilc is liere designated, is 
properly mythological*, and Ix'longs to tho inoiistcr in the heavens, which, 
by the ancient Hindus, as by more than one oilier people, was believed 
to occasion the eclipses of the snn and m(H>n by attempting to devour 
them. The w'onl which wo have translated “force” is rankas, more 
properly “ rapidity, violent motion:” in employing it here, the text evi¬ 
dently intends to suggest an etymology for rft/ut^ as coining from the root 
rah orrnaA, “to rush on”: with this saioe rotit Weber (Ind. Stud. i. 
ST2) has connected the grmip of words in whioli r&hu seems to lielong. 
For the Hinrlu fable rojicciing Ilalm, see WiNim’s Vishnu Purine, p. 7ri. 
The moon's «l#«*riernling noilc was also jicrsoniliftl in a similar way, under 
the name of Ketu, but to this no reterenco is made in thu present treatise. 

Tho description of the etfoct of thu nude npmi llio inoveinent of the 
planet is to be undi:rstood, in a niuniier analogous with tliuL if tlie effect 
of the apices In the next nrucciling ]tHSssigi‘, as relorring to the direction 
in which the planet is maae to deviate from the l■<■lipti(^ and not to that 
in which it is moving with nfer-nce to the ecli]ifv-. Knan the ascending 
node around to the dcsccuiJing, of course, or aliilu tliu nodu is nearest ti> 
the planet from behind, Ibo latitudu is northern; in the otliur hidf of the 
revolution it is southern. 

.. For an explanation of sonic of the tarms used licn.>, see the note to tlie 
last pasMge of tlie preceding chapter. 

As, in the case of Mercury and Venus, the rcvolntinn of t|» oonjnnc- 
tkm takes tho place of tliat of the planet itself in its orbit, it i^hooessaiy, 
in order to give^lie node its proper effect, that it be made to oxerdjM 
its influence upon tho planet through tho conjunction. The ctHumOh- 
tator gives himself here not a litUe trouble, in the attciiipl to show wliy 
Mercury and Venus should in this resjicct constitute an exception to tho 
general rule, but without being able to make out a very plausible c^. 

. 9. Owing,^to the s^atneas of its orb, tbc sun.^ drawnAway 
a veryHlittle; tbe moon, by reason of tbe illness of its 
Oii;^ is drawn away much more; 
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10. Mars and the rest, on account of dicir small a^,^Fe, hy 
the supernatural beings {ddivakC^ called conjunction (^ghroc&i) 
and apsis (ruandbcca), drawn away very fai', being caused to 
vacillate exceedingly. 

11. Hence the excess {dJiana) and deficiency (ma) of those 
latter is very great, aixiording to their rate of motion. 'X'hus do 
the planets, attracted by those beings, move in the firmament, 
carried on by the wind. 

The dimensions of iho mn iind moon arc .stiatcfl below, in iv. 1; those 
of the other phinols, in vii. 1 -‘i. 

Wo have ventured t*» tr.-iiislatc viii.'o;flla, at the einl of the tenth verso, 
as it is given abovi;, because that Irmislation se«.-iiiKl so much better to 
suit, tho rei|uirc)nenls of the seu.s<j than the better-supported rendering 
** caused to move u ilh ext ociliug velocity." In so doing, we have assumed 
that the noun rvtja^ of wliieli the wool in rpn-stioii i-t a >lonominative, re* 
tains sometliiiig of the pioper iricauing of tlio root I’y,‘‘to tremble,” 
from wliicli it comes. 


12. The motion of the ])1 miio1.s i? of ciglii kinds: retrograde 
(fciim), .“so'iif'what n-ti-fji-rinli-. {an<f'-iL'rti). n’ans\ci'sr- {kutila). 
siUm {ninii'fii), vi;ry {^iow iinund'ffaru), t vi'ii ('‘tun'i): alsfO, very 
rtwift {n>jhr>tUu'>i). and swill p.';//"")■ 

13. or these, tin* v«Ty swilt {'iiyijhni), ilcn called swill, tho 
slow, the vt.Tv slow, :1 m' cvt‘a--;ili i.]io.-:i: ii\f anj Ibrnis of the 
motion called <lii'eci (/•//.■); Iho .'ioin-.-wliat retrttgrado is retrograde. 


This miuulo clas.'-ilii-.-uiuii of tlit- •>! a planet's motion ia quite 

gratuitous, so far a.*. tlii> Sidilliasii.' i- fiiii.i'rn' 'i. for ibi! T*.Tnjs hero given 
lio nut oiKv (K-.-ur ;ifi*'rwar'l in du' t-vi. with tbf- single exception of 
mkni, which, widi iis is in nui iiiu-.-ijiM-iit use to designate 

retrognuliitiiiM. N.ir dof.., the iMiiirni-iiiary i.dvu tli-- trouble to explain 
the pivrise ililli-rvoiei's of tbe kiiiiU nf nnilli'ii spi>rMfii-d. .\erording to 
Mr. lloiMiigioii (Mnontal A-tri'ii inuT |Taini! and KnglidiJ, .Jatfna: 1848, 
p. i.s .'ipplii'd to the in'ttion of a when, in retro¬ 

grading. it p:j'Sos intii a ]*ri-i;i-<ling sign. l•V^•nl tin* cla-oification given iu 
the second of ilii* two verges it will be noticed that i.s omitted: ac¬ 

cording to tlie •’•iiiinieiit:(ti>r. it is meant to In- included among the fonna 
of r«jtn)grade motion: wc li.ivii conie<*liiri d. however, that it might poss^ 
bly be used to di'signatii tin.* luoiion of a planet wlion, being for the 
moment-'Btalionan in rc>[>ecL to longiiinle. and accordingly neither ad¬ 
vancing nor retrograding, il Is changing its hit'iude; and wc have trans- 
latal the word acoordingly. 


1-1. By rcasoii nf this tiud that rate of motion, from day to 
day, tho planets thus come to an aA-cordanee with their observed 
plop^ (drr)—this, tlici r correction (^p/it/^tVt’arawu), I sbtdj ctu’o- 
fally explain. 

' Having now disposed nf matters of gciier.al theory alld preliiniiuirv 
explanation, tho proper subject of this chapter, the ealoulatitm of tin? trn^ 
{itphvla) from tho moan places of the difterent planets, is ready to Im 
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ti^en up. And tlid iii'si tlun^ in order is the table of sines, by moans'of 
which all the after cnleiilatioiis ara iHirfurmud. 


16. The cigiith part of tlie miiiiitc.<s of a aign is called tlic first 
sine (Jydrdha ); that, increased by tlic remainder left after sub¬ 
tracting from it the quotient arising from dividing it by itself, is 
the second sine. 

Iti. Tlius, dividing the tiibiilar sines in succession by the first, 
and adding to ihoni, in each e.^se, what is left after subtracting 
the ipiotients I’roni tl'.o lirst, the result i.s twenty-four tabulai' 
sines {Jii 'ti'tlhiphidii), in order, as Ibllows: 

17. Two hundred and twenly-hvc; four hundred and forty- 
nine*; six hundred and seventy-oiu*; ei^hi hundred and ninety ; 
eleven hundred and five: thirteen humlri'd and'fifteen; 

18. Fifteen hundred and twenty: seventeen hundred and nine¬ 
teen ; nineteen hundred and ton ; two tlion.«.'iiid and ninety-three; 

Ift. Two thousand two hundred and sixty-.seven; two tlious- 
and four hundred and thirtv-one; two tluMisand Jive hundred 


and eiglity-Iive: iwn lliou.cnd sevi'ii Imndroil and twenty-eight; 

2ft. Two thousand eight Iniiiilred and liftv-niiH-; twt) lltousimd 
nine huiidred :avl sovonly-eiLdit; thn-e thousand and eighiy- 
four; three liiousand one liundred .and .scjvoiity-seven ; 

21. Tlirec tliousand two !iniuiro<l and llfty-.'Jix: threa* thousand 
three luiudred and twenty-one: three thousand three hundred 
and seventy-two: three thousand four hundred an<l nine.; 

22. Tlinr thonsaiid four hundred and thirty-one; three Ihou.s- 
aiid four luuulrcl and thirty-eight. Subtraelijig these, in re¬ 
versed order, from tin* hail-diu.’iieter, gives llio tabular verscii- 
sines {idkraniaif/imJiifiiihit/td'u ); 

23. Seven: twenty-nine: sixfy-six; one iiuudred aisi seven¬ 
teen; one hundred and cighty-iwo; two hundred and .sixty-onc; 
three hundred and fifty-four; 

24. Four hundred and sixty; live, hundred and seventy-nine; 
seven hundred and ten; eight hundred and fifty-three: one 
thousand ami seven; eleven hundred and .‘<cvi*niy-onc; 

25. Thirteen liundred aiul forty-five.; fifteen hundred and 
twenty-eight; seventeen hundred and ninetee.n; nineteen hund- 
rt'd and eiglnccn; 

26. Two thousand one hundred and twenty-three.; two thous¬ 
and three liundred and thirty-three: two thousand five hundred 
and forty-eight; two thousand seven hundred and sixty-seven; 

27. 'L'wo thousand nine hundred and eighty-nine; ^rce thous¬ 
and two hundred and thirteen; three thousand four Hundred sud 
thirty<-iglit: these are the versed .sines.' 


Wf! fii-s.t {ircsont, in thq fallowing table, in a form convenient for refer- 
ffUfyi and use, ilni Ilitidu sines and verBe4 sines, with the arcs to which 
tliry Ixdong, tlic latter expressed both in iiiinutea and in degrees and 
minutes. To facilitate tlie practical use of the table in making caleula- 
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tions after UiA Hindu method, we have added a column of the differenoca 
of the sinea, and have .&rthor turned the sines diemselves into decimal 
parts of die radius. For the purpose of illustrating the accura^ of the 
taUe, we have also annexed the true values of Ihe sines, in minutes, as 
found by our modern tables. Comparison may also be made of the ded> 
mal column with the corresponding values ^ven in our ordinaiy tables 
of natural sines. 


Table of Sines and Versed Sines. 


No. 

Ar 

in • ' 

In ' 

1 

in ' 

[indu Sines, i 'fruc Sinn, j 

(iilT. ,iiip.\it«ofnd.' in ' 

Ven^ 
Sinee, | 
in ' { 

1 

3’ 45' 

335' 

335' 

; .o()5445 1 334'.84 ! 

r 

3 

7’ 3o' 

45o' 

44^ 

; .130599 j 448'.7a i 

ay' 

3 

II* i5' 

07 . 5 ' 

67*' 

aiiV 1 •'95*72 1 67o'.67 

66 ' 

4 

i5* 

900 * 

890 ' 

, .25887* i 889'.76 

*17' 

5 

ir 45' 

113.5' 

iio5' 

i .3ai4o8 : 110^.03 

183 ' 

6 

33* 3f»' 

i35o' 

i3i5' 

3 f) 5 ' ' *382489 ! i3i5'.57+ 

361 ' 

7 

38* tV 

1575' 


iw' ' r'rJo'.43 

354' 

8 

3u 

iBoo' 

1 - 19 - 

, .5iIII'NICi 1718'.88 

46? »• 

9 

33* 45' 

sosS'* 

lyio' 

Ihi' -555555 ly.y'.yi ' 

5*9^ 

lO 

I 7 ’ ■J.j' 

3I.5ii' 

aoyl' 

.•i'>6784 ! acH^a '.-7 

- 10 ' 

II 

4i’ i5' 

2475' 

3767 ' 

Ihi' •659395 JsW.'j? 

853' 

13 

45* 

3700 ' 

343i' 

154' “"“‘’97 343o'.86 

1007 ' 

i3 

48' 45' 

3y*5' 

3585' 

.y .75iil^ 3584'.64 

1171 ' 

i4 

53* V 

Ji5o' 

7738 ' 

3 , .793484 . 37a7'.35- 

1349 

i5 

56* iV 

337 V 

3859* 

J . : .831588 -jSSS'.aS- 

1538' 

i 6 

6 o* 

3(kiii' 

3978 ' 

irtV •86»53iii . 2977'-'8- 

1719 ' 

17 

63* 45' 

38^5' 

3 . 64 ' 

1 ,, . 89-033 l.)S 3 '.a- 2 - 

1918 ' 

t 8 

67 ' 3o' 

4«-'5«/ 

llT-' 


3123' 

«9 

71 * i5' 



li'V 3255'.3 i- 

asay 

30 

75 * 

45oi/ 

31>i' 

jj|, .yfiiyoy 333o'.6i 

3548' 

31 

78 ’ 4.V 

4735' 

33-3' 

3 ^, ■ . 981181)3 ' 3 . 371'.70 

3 - 67 ' 

33 

83* 3i^ 

4950 * 


.^ 3 / . 99150.5 |'34o8'.34- 

=* 989 ' 

33 

86 * i5' 

5175* 

,U3i' 

, . 99-964 , 343o'.39- 

33i3* 

a4 

90 * 

54txi' 

3438* 

■ i.unuouo ' 343-'.75 

1 • 

3438' 


The rule by whii-h the siucs are, in the text, directed to be found, may 
be illustrated as follows. Let s, s’\ s’". s'"\ etc., represent the succes¬ 
sive liines. The first of the series, s, is iissiiiiied to be equal to its arc, or 
226\ from which quantity, as is shown in the table above, it differs only 
'by an amount much smaller Uiaii the table takes any aoeount of. Then 


f" =«' +«-- 

* M 
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and aqrJiin, through ilio wholo sorios, any fraction larger than a'half being 
comt^ as one, ami a smaller fraction iBeing rejected. In the majority of 
cases, as U luoiie evident by the table, this ]irocess yields correct results: 
we have marked in the cohiinn of “ true sines” with a plus or minus sign 
such modern valne-s of (he sines as dilfer by more than half a iiiinuto 
from those assii;ii<Hl bv the Hindu table. 

it is not to be supposed, however, that the Hindu .sines wore originally 
obtained by the jirooess desm-ilMM.! in the text. That proce-ss was, in all 
probability, suggesto*.! by (.il)servii]g thu sneeossivo ditlereiici.‘S in the values 
of the sines ;!'• already deu.rniined by oilier methods. N'or is it diflioult 
to discover what were those meilioils; tlu'y arc indicated by the limita¬ 
tion of the table lo ares dilli’ring I'nuii one iinother by 45', and by 
what we know in general of (h'' trigonometrical methods of the Hindus. 
Tlic two in.'iiu princijdes, by the ai>l of whie.li the greater portion of all 
the Hindu calculations arc made, are. on thi* oiu‘ hand, the equality of the 
square of the hvpoTheniiso in a right-angled iriaiigh* to the sum of the 
squares of the oUht two siilcs. ainl, on the otlu'r liaiui, the proportional 
relation of the C''»rro‘‘)ioniliiig parts <if similar triangli--. The first of these 
principles g.nvu the Jliiiilu" ilie sine of the comidcment of any .arc. of 
which rlic sine w.‘l^ a!r>‘.'iily kn'ovn. it lu-iiig c.|n!il to (he sipiarc root of 
the ditierenee between the Sipiare'. of railin', aiiil of tin' given sine. This 
led farther to the rule f<ir liniliiig the vi-r^i..! sine, wliich is given .aliovu in 
the text: it w;is pjuinly equal lo tin- dill'i;vi<iii-i' bctwcMi the sine eoni]rle- 
ment and r.adius. Again, the «-omr>arisoii of similar triangles shifwuil that 
the chord of an arc was a 'in-aii pniportional betw.-en its Versed sine .and 
the diameter; anil this li-d to a m-;tlio>l of fnidiug the sine of half any 
arc of whii-li tlh- sine wa- hiiown; it wu' rqiiai lo half the squ.are i-'Mit 
of the jir-;fln,'t of th.- iliami ti'r ini-j tin* \ersi-‘l .-sine. Th;it the Iliudiis 
had deriiicod (his I;i>| n:l>' diss i.nr iliri-cily ajipi ar from tli.* text, of (Ms 
Siddhanta, nor fr'iiii tin: cumiin iitary of Itanganatlia, whicli is the one 
given by our manuscript and by th" [Mili!i'.lii:il eiiiiimi ; Imi it is ilistinelly 
stated in the commciiiary which I ):i\is hH<l in his iiand.s (A', ites. h. 24*7); 
and it might be contidentJy .'i'>uineil lobe hiiowp up>.ii tlie eviiience of 
the tabic itself; for'tbe ]irinci[>lis :iii>I nih-a wi,ii-h we have licre staled 
would give a Lahle just .<ui-ii as tin: one liere ooiistrueled. 'i'liu sine 
of 00® was obviously I'.jual to ru'lin«, a'i<! tli" sim- of to lialf radius: 
froin tbc first i-oiild li.- foiin'i ihe si'.es of 22'^ :iu', anti 11® iTj'; 
from the Uiler, tiii-.t: of Y® ;J0', and :i‘‘ lo. 'I'lie sines tlnia ob¬ 
tained would give those of tli-. complement ary ares, or of Wd® Ju', 82® 
.30', Y8® 45', 7.3“, etc.; ,'ind (lie sine of 75“, ag:iiri, would give those of 
37® 30' and 18® 45'. Hy continuing (he same jiroecsscs, the table of sines 
would soon b<i made cr)inplcte tor the twenty-four divi.sion.s of the quad¬ 
rant; but these processes could yield nothing farther, unless by intro¬ 
ducing £r.'ictinns of minutes; wiiiuh wa.s undesirablof because the, symmetry 
of the table would thus bo de-utroyed, and no correspoftding advaiititge 
gained; the table wa% alre.ady .sufllciently oxtonded to furnisli, by inter¬ 
polation, the sines iiitoriiii:diato Ijctwuoii tlio.su given, with all tho accu¬ 
ral which >thi: Hindu culculalions required. 

If, now, an attempt were made to ascertain a law of progression fur 
the series, anil to devi.se an cuifiirical rule by which its members might 
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be dereloped^ the mie from tfae otber, in order, nothing oonl^ be. more 
nntnral thw to tal» the difforenoee of the succenire unes, and tbe'ili^ir- 
ences of thou difforenc^ aa ve have given them under the headings Af 
and A" in the annexed'tableu 


Hindu Sine»t vuitk their Mret and Second Differences, 


No. 

Bino. 


Rg 


Hine. 

A' . 

A" ! 

a 

0 

oou 

aa*} 

■■ 

la 

a4'3i 

i54 ! 

10 

I 

a 

aaft 

449 

aa 4 

793 


13 

14 

a58') 

» 7 a 8 

143 
i3i : 

11 

12 

3 

4 

671 

89ff 

a 19 
ai5 


i*i 

16 

a859 

2978 

119 ; 

loft ! 

la 

i3 

5 

C 

7 

8 

y 

1 io5 
i3ir) 

^ 5ao 
1719 
1910 

aio 

’99 

191 

183 

*1 ■ 

ft 

f. 

ri 

1 

17 

i» 

, ’9 

; 

3o84 

3i77 

laVi 

3321 

V-i 

93 i 

1 "9 

' ft5 

TI 

■ J 7 

13 

14 

14 ; 
«4 ! 
’4 

10 

7i<9i 


: 9 

1 V h 

3^'<»9 

t J'31 

I'i 

It 

■jafi 7 


■ ii> 

'■ aJ 

3.13 1 


I'i 

1 J 

1 

.1431 

1 O 4 

1 lO 

! 94 

3^38 

1 r 

1 



'WitI) thc 80 diffurencos lictore him, an acute oh^erver could hardly fail 
to notice the rcniark:il>lc fart that the diden'iices of the second order in¬ 
crease as tlio hiinis; nini that each, iu fact, is about the part of Uio 

correspoudiu}; sitje. Ntjw let the sllCeo^^iv(^ j>inf-s be represented by 0, a. 


jr jf 


0,^,0 , « anil so on : and lot 7 e<|iial or ' : let the first differ¬ 
ences bo. (/r;=«— 0 , €?"=.< "—Of', etc. The sec¬ 

ond difleivnecs will Im-; -Stjssd'- d, -jf'i/rser'—v/',-<” 9 =d"'—d'', 
etc. These lust c.\prej»:>ioiM give 


d' s=</ —*1/ =1 —*7 

d" =J’ — »'.f r= * - «7 - *'7 
d'''-d’'- M/ - If',/ -«"7,cU:. 

Hence, also, 

J»' =s i-d’ =s - 4 -s - «7 
«'•=*•+ d" =«' -f- * — Hif — if*7 
s'-'=r:*''4.d'-'=«"-4.* _ «/ - »’,/- s"7. 


and 80 on, acconling to tin* riiU> given in iho text. 

lliat the second differences in the \aIuos of the sines were proportional 
to tlie sines thenisidves, w as probably known to tlio Hindus only by ob¬ 
servation. ITad their trigonometry siifliciid to demonstrate it, they might 
easily have constriictid a much moi-c c«.nnplete and accurate table of 
sines. 'VVe add the demonstration given by Dolan bre (llistoire de I’Ais- 
irouomio Ancienne, LglfiS), from whom the ^iews here expressed hav#^ 
befen subsUintially tnlxcn. 

Lot a be any arc in the wries, and put 45' ^ n. Then sin ((W— 
ein a,' siii (u n), will bo three successive terms in the series; m 
a—sin (a—»), and sin (a^ differences*of the fint 
order; and ^cir difference, nn (a + u) sin (a — n) — 2sin a, will 
be a <Ufiin«noe of the seowd order. Bui tiiis laiA exprmoii, by virtue 
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of the formula iS sin (a :i; n) = rina eosn d= eoia un n, reduces to 

2 ^n a cos n ^ — 2 sin a, or sin a. That is to say, the 

second difference is e(|[iin1 to tho product of the sine of the arc a into a 
certain constant ipiantity, nr it varies ns the sine. When n equals 3** 4r>', 
as in the Hindu tahlc, it is easy to show, tipon working out the last ex¬ 
pression by means of the laolcs, that the constant factor is, as staled hy 
Dclamhrc, yjk:;' instead of l)eiiig as empirically delcrmiiied hy 
tlic Hindus. 

It des(*rves to Ihj nodeed, that tlio commentaiy of Kaiiganhtha recog¬ 
nizes tho (Icpendencc of the rule given in the text upon the value of the 
second ditfercnccs. Aecoriling to him, however, it is by describing a 
circle upon the ground, laying off the arcs, drawing the sines, and deter¬ 
mining their relations by ius|M'cti(>u, that the method is obtained. Tho 
diftereiici-s of the siiu-s. ho sa}s will he obscrvcil to decrease, while the 
differences of thc'se dilfcrciici's incrc.asc; and it w ill be noticed that the 
last second diHcrence is lo' IK" -IS"'. A proportion is then made: if at 
the radius the second dilfer(‘nci‘ is of this value, what will it be at any 
line? or, taking tho first sine as an ox.aniple, 3-138': If/ 16" 48'" : :22u 
: 1, Nothing can be clearer, liowevcr. than tlmt this pretended n*snlt of 
inspection is one of oali'uiation merely. It wonM be utterly impossible 
to estimate bv the cve the value of a didcreiico with such accuraev, and, 
were it possible, tliat differenc)* wouM he found very cnnsidorid)!}' removed 
from the oni> here given, bi'ing actually only about 1-t' 4;/'. The value 
15'IK" 48"'ib ic»i>tncd 'luly in order lo make its ratio to the ratlins 


exactly 'tI -. 

ar tJ 

The earliest snb>titu(iiin of tins sines, in calculation, for the clii’nis, 
which wcp* employf il by tlie (.Irocks is generally attributed (see Whewell’s 
History of the liiduclivc Sciences, ]». III. cli. iv. 8) to the Arab astron¬ 
omer Albategnius (al-Dattani), who flourished in the latter part of the 
ninth century of our era. It can hardly admit of question, however, 
that sines hail already at that time Ixsen long cmjtloyeu by tlio Hindus. 
And ooiibidiTing the. derivation by tlic. Arulm from India of their system 
of nutation, and uf so niaiiv of the eli-nn-nis of their luathomatical 
science, it would hvoin noi iinliki-iy that tli'* nr'<t hint fif this so conveni¬ 
ent and practii-al iin[)rovcriiciJt of tJio r!.cihods of rule,ulsil ion may also 
have come to tliem from that country. Thi!-- cannot be asserted, however, 
with much confidrsiice, bocaMsc tlie subsiiluiiun of the sines for the cliordiOv 
seems HO natural and easy, tlmt it may well e.nruigh have bet-n hit upon 
independently by the Arabs; it is a matter for astonish mont, as remarkad 
by Helambre (llistoire do rAstronuiiiio du Muyen Age, p. 12), that 
Ptolemy himself, who came so near it, should Lave failed of it. li 
Albategnius pit ilia •-uggcbtion frvuii India, he, at any rale, pit no more 
than that. His table tif sines, much more. coinf4ct» IIkui that of the 
Hindus, was inailu from I'tolemy's t.abie of chords, by simply Italving them. 
The* method, too, whydi in India remained cumparatively barreu, led to 
valmblo devclopincnta in the hamJs of the Arab mathematicians, wliu 
wMt on bydegrees to form also tables of tangents and co-tangents, secants 
and^eo-secaiits; while tiie Hindus do not seem to have distinctly appreci¬ 
ated the significance even of the cosine. 
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In this passage, -th« .sina ii call^/yAn^Aa, "halfchord;” hareafter, 
however, that term does not ouce occur, but JyA ** chord *’ (liteiidly ** 
striiig”) is itself employed, as are also its synonyms JtvA, mdurviJk^to 
denote the sine. Tiie usage of Albntugnius is the same. The sines of the 
table are called pinde, or jy&pinda, ‘‘tlie quantity corresponding to the 
sine.” The term used for versed sine, u(kramajy&, means “ inverse-order 
sine,” the ralunin of versed sines being found by subtracting tliat of 
lines in inverse order from radius. 

The ratio of the diuineler to the circumference involved in the expres¬ 
sion of the value of radius by 3438' is, as remarked above (under i. 69, 
00 ), 1:3.14110. 'flic comineiitatur asserts that value to come from the 
ratio 1260: 392?, or 1 : 3.1410, and it is, in fact, the nearest whole num* 
ber to the result given by that ratio. If the ratio were adopted which 
has been stated above (in i. 69), of 1 : •/IQ, the value of radius would be 
only 3415'. It is to be oliserved with regard to this l.altcr ratio, that it 
could not possibly be the liirei't result of any actual process adopted for 
ascertaining the value of the diameter fnmi that of the oiruumf<>rciice, or 
the contrary. It was probably tixed upon by the Hindus because^ 
looked and sounded well, and was :it the same time a siidifienlly near 
approximation to the truth to be applied in cusf‘.s where o.vactness was 
neither attainable liy their inetliuds, nor of much practical cohsequonoef 
as in fixing the diiiieiiftidiis of tlio earth, and of tlio planetary orbits. 
The nature of the system nf noinium of tli<i lliiido, and their constant!v 
recurring extraction of square roots in tlicir trigonometrical processes, 
would cause the suggcsiioa to thcMii, much luoru naturally than to tlio 
Greeks, of thi.s artificial ratii^ rh not far from tin- truth ; aiul their science 
was just of that character to choosie for snnu! u»(‘s a relation expressed in 
a manner so simple, and of an aspect so systematical, even though known 
to be inaccurate. We do not n gard tbe ratio in question, although so 
generally a<lopted among the Uiiulu .asirouomcrs, as having any higher 
value and sigiiificanco than this. 

28. The sine of greatast declination is thirteen hundred and 
ninety-seven; by this multiply any sine, and divide bv radius; 
the arc corrc.spoucling to the result Is said to be the declination. 

T%c greatest declination, that is to say, the inolinatiun of the plane of 
the ecliptic, is hero stak'd to be 24°, being the sine of that angle. 

The true inclination in tho year 300 of our era, which we may assume 
to have been not far frcmi the time when the Hindu nstroiiomy was 
estahiishod, was a little less than 23° 40^ so that the error of the Hindu 
detenniiiatioii was then more than 20': at pre.<<Mit, it is 32' 34". The 
value assigned by rtideiuy (Syiilaxk i) to the iiietiiKiUon w as between 
23° 50' and 23° 62' 30"; an error, as comparcil w Ui its true value in 
the time of Hippiin-hus. itf only about 7'. 

The second naif of tlic verse gives, iii the usual vague and elliptigal 
language of the treatise, the rule tbrfiiiiliiig the declination of any given 
point ill the ecliptic. SVe have not in this case supplied the ellipees in 
our trauslaliuii, hecansc it could not be dune snccinctlyt or vntltont 
introducing an element, tliat of the precession, which ^lossibly was nut 
taken into ac-oouut w hen the rule was made. See what is said upon this 



guMpot nndcr verges 9 and 10 of the neat' chapter. Tlie “nino’'cni- 
pilfl^d in, of coumc, the nine of the distnnee from the vernal equinox, nr 
of the longitude ns corrected by the ])recession. 

Tlie anaiKcd flgarc will explain tlie rule, and the method of itn 
dcnionntrntion. 

Let ACE represent a quadrant of the plane of the equatorial, and 
A(/G a quadrant of that of the ecliptic, At^ being the line of their 
intenection : then A V in the ecjuiiioctial cohire, 1* K the solntitial, 
or the angle GC E, the inclination of the ecliptie, or the greatest decli¬ 
nation {param&pakrama, t%r paramnkrAnti), and G D its sine (pamma- 
kr&ntijyit). Ijft S he the |H>sitioii of the sun, and ilra^ the. circle of 
declination Pll; Sll, or the angle 
8 CH, is the declination of the sun 
at that point, and SF the sine of I 
declination {krdvtij^A). From S and | 

F draw S B and F B at right angles 
to A C; then S B is the sine of the 
iiH' A ^ or of the snn's longitude. 

G C D and S B F are similar 
^^l^-anglcd triiingli's, having llicir 
J^cs at C and B each eijiial to tlie 
incdii 


lination. 'I'lu relon- <' <;: t} I): 

G1>XSP. 

S B: S1’; and h !• = - - -. -; 

I I I 

sin iiK-I.Xsin lung. 

B 

The saiTiP result is, by t>ur modern 
laethod^ obtained ilireetly from the formula in right-angled spherical 
trigonometry; sinr-=sjn</ sin<'; or, in the triangle ASH, right-aiglcd 
at U, ain S il sin S A sin S A11. 


that is, sin doel. = 



29.: Subtract the longitude of n [danct from that of its apsis 
(n^dneica) ; so also, subtract it from that of its conjunction 
remainder is its anomaly \Jcendra)\ from that is 
qnadrant (noda); from this, the b:tsc-sinc {hhujajyd)^ 
/uid'-ISkeitrise that of tne peipendicuiar (M). 

'90L an odd {viihama) quadrant, the base-sine is taken from 
the paet^ the perpendicular from that to cothc ; but in an 
quauant, the base-sine {hdhviyd) is taken from 
tiMt QOipac, and the perpendicular-sine Irom that past ' 

of a planet from either of its two apices of motion, or 
' eoatliBS of dsrtinbaiiee, is e«Jl^ its kendra ; according to'the comment- 
:4iy^ H» dififtsnee from the amie (mendocca) is called mandakendra^ and 
from Ihe oc^aaetkm (pgkraeea) is called ^ghrakmlra: the SArya- 
Siddhhnta, however, nowhere has ocrasion to employ these terms. The 
feqqef of the two corre-spoiids to what in modern }i.«fr«»nomy is called 
the .anomaly, tlie latter to what is known as the comimitation. The 
itoid.kmira is not of Sanskrit origin, but is the Greek ; it is a 

' circumstance no less significant to meet with a Greek word thus at the 
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very foundation of the mutliod of calculating the true place of a planet 
by rnoaus of a aystem of epicycles, than to find one, as noticed aligrire 
(under i. 52), at the base of the theory of planetary retfoncy upon which 
depend the nnmcH and aiicccsHion of the days of the Both 

anomaly and c'ominiitatioii, it will bn noticed, arc, acco^lRig to this 
treatise, to be reckoned always fV^rward from the planet to its apsis and 
conjunction respectively; excepting that, in tbc case of Mercury and 
Venus, owing to the cxcliunge with regard to those planets of the place 
of the planet its(‘lf with that of its conjunction, the cornrautatioii is 
really reckoned the other way. Thu functions of any arc being the 
same with those of its negative, it makes no difference, of course, 
whether the ilistance is measured from the pluiici to the apex (ucea), or 
from the apex to the planet. 

Tlic quantities actually made u.se of iii the calculatious wliich are to 
follow are the sine and cosine of the anomaly, or of the commutation. 
The terms employed in the text requin' a little explanation. JShuja 
means ^arin;” it is constantly ap])licd, as are its synonyms bdhu and 
dot, to designate the base of a right-angled triangle; koti is properly 
“ a recurvra extremity,” and, as u»ed to signify the perpniidicnlar in 
such a triangle, is conceived of as being the eiu! of the bhujv^ nr base, 
bent up to an upriglit position ; bhujajffa and then, arc Ikerallty 

the values, as sinus, of the base and perpendicular of a rigltt-anj^od 
triangle of which the liypotlicimsc i-* mailc radius: owing to the relation 
to one another of the oblique aii-^lis of such a triangle, thuy are re¬ 
spectively an sine and cosine. W v liu\e not been willing to employ 

these latter terms in transL'iling tlieiii, I.. as before remarke<l, tbc 

Hindus do not seem to bave conceived of tin.- uosiue, the sine of tlie 
complement, of an an-, u> being a function of the arc itself. 

To finil the sine and c>>niiU! of the planet’s distance from either of its 
apices (ucca) is accordingly the 
object of the dircciion^ given in 
verse 30 and tlic latter part of 
tliu preceding rei>e. Tin*, rule 
itself is only the iink\\ar>l Hindu 
method of stating the familiar 
truth (hat the siiio and cDsine of 
nil arc and of its supplenieiit arc 
equal. 'I'lio aceompniiyiiig figure 
will, it is iH'lii-rci), illnsti-ato the 
Hindu inamicr of looking at the 
subject. Ixit I* W the place of a 
planet, and divide its orbit into 
the four <]ii!idrHnt< I’ (2, Q K, R S, 
and S]*; the first ;ind third of 
these arc called the odi| (vMhama) 
qua«lraiits; the second and foiiilh, 
iiie even [yufftm) quadrants. I.et A, B, C, and D, be four poaitioiis pf 
the apis (or of the coiijiinction); then the arcs P Q K PQHC, 
PQRSD will be the values of the anomaly in facnrcasc. AM/the 
base-!iiiie, or sine of anomaly, when the apsis is itf the first qtiadiiunt. is 


Fi?. 2. 




determined by the arc A P, the arc passed iMmiDg the adom* 
al^'while AG or EM, the pi‘rpeHdicular>sihe, or cmu^.u taken from 
the arc AQi the remaining part of the quadrant, ^he same is true in' 
the other.4|||d quadrant, U8; the sine Oil, or EL, comes fromllC, 
the part of^e quadrant between the planet and the apsis; the cosine 
CL is from its complement Ihit'iii the even qiiadrants, Qli and 81', 
the c.nse is TCverMtd; the sines, Bll, or EF, and J>M, aro.detcrmined by 
the arcs BR and DP, the parts of the quadrant not includeil in the 
anomaly, and the cosines, B F and K D, or EM, correspond to the other 
portions of each quadrant respeetively. 

This process, of finding what ])urtiou of any arc greater than a quad¬ 
rant is to be empliiyeil iii dctcniiining its sine, is ordinarily called in 
Hindu calculations “ taking the bhvja of an arc.’’ 

31. Divide the minutes contained in any arc by two hundred 
and twenty-five; the quolieut is the number of the preceding 
tabular sine {jydpindaku). Multiply the remainder by the differ¬ 
ed of the preceding and following tabular sines, and divide 
W two hundred and twenty-five; 

':v:S^. The quotient thus obtained add to the tabular sine called 
m preceding; tlie result is the required The same method 
IS prescribed also willi respect to the vci-scd sines. 

33. Subtract from any given sine the next los.s tubular sine; 
multiply the rcniaiuder by twn hundred and twenty-five, and 
divide by the difference beUveen the ne.vt le.ss and next greater 
tabular sinci; add the i]Uotienl to the product, of the serial num- 
, ber of the next less sine into two liutiured and twenty-five: the 
result is tlie required arc. 

The table of sines .*11111 vorsoil sines gives only those belonging to nres 
whieh arc multiples of 3° 45'; the Aiyt two verses of this fiassage'state., 
the method of finding, by simple interpr>latioii, the. sine w voni^ sine'' 
of any intermediate arc; while the third verse gives the rule for the 
contrary process, fur converting any given .oin:; or versed sine in the 
same manner into the rurrespomling an*. 

In illustration of the first rule, let 11 s asi. ''rtniii the sine corresponding 
to an arc of 24°, or 1440'. Tpoii diviiling tlic latter munber by.225, 
obtain the quotient 6, and the remainiler 90'. Tins prcliininar)r step 
' is necessary, because the Hindu table is not regarded an eontairaf^*|m|r-;. 
damnation of the arcs to which the sines belong, but as eomp4^d 
siniply of the sines themselves in their order. The sine currespoodthg 
to tne quotient obtained, or the sixth, is ISIS': the differenci: between 
.it. and me next following sine is 205'. Now a proportion is made: if, 
.at this point in Uic quadrant, an addition of 225'io tlic an: canstss an 
' increase in the sine of 205', what increase will be cnnnctl by an addition 
to the arc of Ob': that is to say, 225 : 20,5 :; 00 ; 82. Upon adding the 
sesalt, 82', to Uie sixtli sine, the amount, 1397', is tlic sine of tlie given 
j^^,arcv aa stated verse 28. The actual value, it may bO' remarked, of 
' " 1398'.2G. 

- Twbther rule is the roveiac of this, and does not requiro illnstration. 
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The eitranMTCMciMiieis mhickI at in the phraseology of the teat, and 
not unfre<pienf]y'earried' by it beyond the limit of distiuctness, or even 
of inteUi{pUHty, k well illustrated by verse 33, which, literally trans¬ 
lated, reads thus: "having subtracted the sine, the reiuMnder, multi¬ 
plied by 226, divided by its difference, having added to the pr^uct of 
the number and 225, it is called the arc. In Verse 31, also, the 
imiMiTtant word " remainder” is not found in the text. 

The proper place for this passage would seem to be immediately after 
the table of sines and versed sines: it is not easy to sec why verses 
28-30 should have been inserted between, or indeed, why the subject of 
the inoliflation of tlie ecliptic is introduced at all in tjiis part of the 
cbi^tdr, as no nse is made of it tor a long time to come. 


84. The degrees of the suu's epicycle of the apsis (maneix- 
paridhi) are fourteen, of that of the moon, thirty-two, at the end 
of the even quadrants; and at the cud of the odd quadrants, 
they are twenty minutes less for both. 

35. At the end of the even quadrants, they arc sevenly-i|ye, 
thirty, thirty-throe, twelve, forty-nine; a1 the odd {oJa) they 
seventy-two, twenty-eight, thirty-two, eleven, forty-eight, ^ 

36. For Mars and the n?st: lUrther, the. degrees of the 
'cycle of the conjunction {rh/hm) are, at the end of the even 
quadrants, two hundred and thirty-live, one hundred and thirty- 
tnree, seventy, two hundred and sixty-two, thirty-nine; 

37. At the end of the odd quadrants, they are stated to be 
two hundred and thirty-two, one hundied and thirty-two, 
seventy-two, two hunclrccl and .'ixtv, and lorty, us made use of 
in the calculation for the eonjunction {rhihrohinnan). 

88. Multiply the base-sine {hhftjiiji/u) by the difference of the 
epicycles at tfie o<ld and oven ([uadrunts, and divide by radius 
((n^); the result, applied to the even epicycle (vrlta), and 
Moitive (dhana) or subtractive (rna), according as this is less or 
-greater than the odd, gives the cc»rrcele«l (.«phufa) epicycle. 


The coiTCctionfl of the moan ioiigitiidos of the jilancts for the dis¬ 
turbing effect of the apsis {/nandorra) and oonjiiiiotion (fttfhroeca)' of 
eadl~-tliat ia to aay, for the effect of the olliptiritv of their orbits, 
-(liKr'lthat of tbe annual parall.ax, or of tho motion of the earth in its 
^ 0 ridtr-~arc mailc in Uiiidn astronomy by the I’lolemaic method ol epi- 
•'eyclea, or accoiidary circles, upon the cironmfev'’neo of wliieh tlie planet 
is regarded as moving, while tho centre of the emeycle revolves abjOttt 
the general centre of motion. The <letnils of tlie 'uethod, as appUedl^ 
tbe Hindus, will be made elcar by the figures ami processes to be pre¬ 
sented a little later: in this passage we have only the dimensions of the 
epicycles assumed for each planet. For eonrcnicnee of calculation, they 
are measured in degrees of the orbits of the planets to which tliey 
sanraily belong; hence only their relative dimensions, ha eompareil 
w& tho orbdts, are given us. Tho data of tho text belong to thej^anets 
in tbe order in which these succeed one aaotlier as regents of days 
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of the week, viz., Mercury, Jupiter, Venus, and Saturn (Hce 

above,'miller i. 51, 52). The annexed table gives die''dimensions of 
the epicycles, both their circuiiifercnces, which are presented directly 
by the text, aed their radii, which we have calculated after the mctliod 
of this Siddlmiita, .'issuiiiing the radius of the orbit to be 3438'. 

Dinuntimt of the JSpicyetea of the Planets. 


I'plnyeln of th« apiM: 


Epicyeb of tb« eonjuncttoii: 


j PbMt. 

U eveg quadnat. 

at Add quadrant, 

at even quadrant, 

at mid quadrant, 

1 

rirc. 

rad. 

eire. 

rad. 

circ. 

rad. 

circ. 

rad. 

I Sun, 


i33'.70 

i3* 4^ 

i3o'.5'i 

■ - - - 


• a ■ • ' 


j Moon, 

aa” 

3uV.6o 

3i® dll' 

3oa'.4a 


■ 

. 

• a • u 


‘ Mercury. 

3o- 

aSii’.So 

sS’' 

; ati7'.,iu 

i33“ 

rJ7o'.i5 

i3a® 

laGo'.Go 

Venus, 


Ii4'-5u 

11“ 

1 loO'.oO 

atia* 

aSoa'.io 

aGo" 

a483'.oo 

Man, 

75* 

•ri6'.a5 



■j35“ 

1 3a44'-35 

a3a“ 

aai5'.Go 

Jupiter, 

33*- 

3i5'.i5 

3i“ 

Jd'V-Co 

to'’ 

6Ga'5o 

7a* 

687'.6 o 

Saturn, 

49“ 

467'.9'i 

48" 

; 458'.4o 


37a'.45 

4o* 

38a'.0(> 


^/(ft^Smarkablc peculiarity of the Hindu system is that the epicycles 
jkdjvposed to contract their dimensions :is they leave the apsis or the 
■;^.ra]A^nction respectively (excuptiiii; in the case of the epicycles of the 
'' d^juuctioti of Jupiter and Saturn, which expand instead of contracting), 
becoming smallest at the •.pmdratuiv. then again c.\panding till the lower 
apsis, or opposition, is reacheii. and decrca.tinir and im.'ix'asing in like 
manner in the other half nf the orbit; the rale of incrcav.* and diminu¬ 
tion being as the ^inc of tin; di-iani.-e from the apsis or (■■iiijimction. 
lleiicc tin- rule in verso 38, for iiiidiiig the true dimensions of the epi- 
•j cjclu at any point in the orbit. It U fuiimled upon the sim[ile pro[>or- 
i'-iion: ns radius, the sine of the ilistaiice at which the dimiiiiitioii (or 
'' increase) is greatest, is to the anioniit of iliininiitioii (or of increase) at 
that point, so i-s the sine of the giviMi disliiiicc to the eorres])ondiog 
diminution (or increase); the application of th ; enrrection thus blained 
to the dimensions of the epicycle at the spsis, or conjunction, jpves the 
tme epicycle. 

Wc shall revert farther on to tin- subj ct of this cliaiiifc in the dimen¬ 
sions of the epicycle. 

The term employed to denote the epicvelp, jtaridhi, means simply 
“circumferenee,’* or “circle;" it is tlir same which is used elsewhere in 
this treatise for the circumference nf tl » earth, etc. In a single instaiiee, 
in verse 38, we have. pr(/a iiisi.-nd of jviridhi; its signifieation is the 
same, and its other uses are eliiKely nnalojwuis to those of the liwe 
iisiifil tenii. 

,;,69. By the corrected epicycle multiply the base-sine (hhujajyd) 
perpcndicular-.sine Qcotijyd) respectively, and divide by the 
BumW of degrees in a circle: then, the arc corresponding to 
the result from the basc*sine (bhujajydphakt) is the equation of 
the apsis {mdnda pheUa), in minutes, etc. 

All the preliminary operations having been already performed, dHi is 
the.jllial process by which is ascertained |^o equation of the api^ or 
the’lmunt by which a planet is, at any pdllt in its revolution, drawn 
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Hway from its nwan place by the disturbing influence of the apsis. In 
mocilem phraaeol^^, it is cMled the first inequality, due to the elliptiuity 
of the orbit; or,-me equation of the centre. 

Figure 8, upon the next page, will serve to illustrate the method of 
the process. 

liCt A MM'P represent apart of the orbit of an^'planet, which is 
supposed to be a true circle, having £, the earth, for its centre. Along 
this orbit the planet would move, in the direction indicated by the 
arrow, from A through M and M' to P, and so on, with an equable 
motion, were it not for tlic attraction of the beings situated at the apsis 
{tnanducea) and conjunction (fiffhroeea) respectively. The general mode 
of action of these beings has been explained atiove, under verses 1-5 
of this chapter: we have now to ascertain the amount of the disturb¬ 
ance produced by them at any given point in the plaiiet^s revolution. 
'Jlie luctliud devised is that of an epicycle, upon the circumference of 
which the phiiiut rcvolvi's with an equable motion, while the centre of the 
epicycle traverses the orbit w'ilh a velocity equal to that of the planets 
mean motion, having iilways a position coineidcut with the mean place 
of the planet. At present, wc hare, to do only with the cpicyclK which 
represents the disturbing etfect of the apsis (mamfocca). The period of 
the planet's revolution about the centre of the epicvclc is the tUAC 
which it takes the latter to make the circuit of the orbit from the apsia 
arnimd to the apsis again, or the period of its iummalistic revolution. 
This is almost pm-isely e(|iial to the [leriud of snliTeal revolution in the 
case of all the jdaiiets excepting the mfimi, siiiee tlieir apsides are re¬ 


garded by the Hindus us stutionarv (see above, under i, 41-44): the 
moon's a|)sis, liowe\er, has a forwanl iii<>iiiMi ot more than 40^ in a 

{ rear; hence tlir; moon's :lIIlnllali^li•' revolution is very perceptjblj. 
ongcr than its sidereal, being 27‘* l:d‘ The are of the epicy<^' 

traversed by the. planet- at any lui-nii point in its revolution is acc^> 
ingly always equal to the an- of the oriiit intercepted between that 
point and the apsis, nr to the iiii'an iiiioinaly, Mheu the latter is reckoned, 
in the usual maiiner, from the iipsis forw.-ird to the planet. Thus,in the 
figure, suppose A to be the place i>f the .spsis [matulocnif the apogee of 
the sun and moon, the aphelion of the other planets), and P that of the 
opposite point (perigee, or perihelion : it ]i.^s in this treatise, no distinct¬ 
ive name); and let M and M' he two mean ]iosilions of the jplanet, or 
actual positions of the eentre of the epicycle; the lesser circles draws 
about tnesc four points rcprcstuit the cpii'yele: tliis is made, in the figure, 
of twice the size of that assumed for the moon, or a little smaller than 


^at of Mars. Then, when Uic centre of thn epicycle is at A, the 
planet's place in the epicycle is at a ; as the centre advaneps to M, M', 
and P, the planet mevves in the. opposite direelio >, to m, in', and PflS^ 
arc a'm being equal to A M, a" to A M', and a"-p to A P. It is aa'if, 
while the axis E a revolves about E, the part of it A a remained con¬ 
stant in direction, parallel to E A, assuming the positions M m, Al' in', 
and P p successively, llio cfl'cct of this combination of motions is to 
raidu the planet virtuaily traverse the orbit indicated in the figure by 
th^rokcu line, wbieb is a circle of equal radius with the true orbit, 
but having its centre rempved from K. toward .-V, by a distance equal to 
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A a, the ratlins of tlic opifycle. This hlentity of tlic virtual orbit with 
■a ecceutrio cirrJo, of which tlii' ecrciitrioity is equal to the radius of 
wyolp, was doiilitlcss known to the Jlindns, as to Ftolciny : the 
the third hook (*f his Syiitnxis, denionstrntos the equivalence of 
thW UMpporitions of an (-{lii'yclc ami an 4‘(*<'entrio, and chooses the latter 
to'reprexent the first int‘i|nulity; the Hindus have preferred the other 
Mppbsition, as lieitei' sniti-d to their methods of ealenlation, and as ad¬ 
mitting a gcnerul similarity in the proeesses for the apsis and the con¬ 
junction. The Ilimlii theory. Imwever, as remarked above (under vv. 
1-0 of this chajtter'), rejeets <he idea of the uetiinl motion of the planet 
in the cpievole, or on tlie ei-eentrie eirele: the method is but a devicil 
for ascertaining the ( ifei-T of the attractive force uf the being at tho 
Thus the planet really moves in the circle AMM'P, and if the 
wtisEiu, Em' be ilrawn, meeting tin; orbit in o and o', its aetiial place 
and o', when its moan jihu'c is at and M' respectively. To 
ascertain the value of the ares oM and o' M', which are the aniountrof 
removal from the mean place, or the equation, is the object of the pro- 
tt|Mn.prescribed hy the text. 

jfSoppose the planet’s mean plae.e to be M, its mean distance from the 
apus ueiM AM: it has traversed, a« above explained, an equal aTc,a'm, 
in the .^^ycle. From M draw M li and M F, and from m draw as n, 
01 right Mgle.s to the lim-s upon which they i 3 i:spe^Tely fall : then MB 
ia the base-sine {hkujajya)^ or the sine of mean aooBf^j^^ and M F, or ita 
equal EB, is the fferpniidieiilai'-'^ine br-e0aihe, and maraud 

nM arc corresponding sinu an<l <'o>jiie in the epicycle. But as the rela¬ 
tion of the circuiuferenett of the orbit to tliat of the epicycle is blown, 
and as all corresponding ]).‘irts of two circles are to one another aa their 
Mwpective, rircninferen*-.es, tbc values of mn and nM are found,by a 
proportion, follows: ua 340'° is to the. nniuber of degrees in tlHt-Cir- 
cumferenfie of the epicycle at M, so is MB to Din, aodEB to nM. 
lleinA' mn is e,allcd the **result from the base-eine*’ \bhuj«gydphala, or^ 
more briefly, hhujaphaUt^ or b&hvjihala)^ and h M the ** result from the 




irpeudiculdr-sine” (kolijy&jihala, or kot.i^ 
lowever, is not euiployod in tlie process 


mg 

thOvi^B. Non, as tlie duiicnsiohs of th#l|yeycle ‘m the ajwis aiiiin 


iiphala): the latter of the^lpo, 
a fcff^icnlat^ the equat^;Af 
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all cases sm 


an^T' HhUs. 

fet 





» may without aifr considerable error be as^untod to 
i(S&' this 

ma4i^iiS||d the convein'on of ma, as sine, irttb* 
!' gives the equation required. 


Moon's mean longitudp, midnight, at UJjayint (i. 53), 
add tliP equntinn iSrir diffprciii*e of lueridinn (iWuntaraphaJa\ ) 
or for licr motiou lietwucn iiiidiii^ltt ar I'jJ. iiiid V;ib]i.'i. GO, Cl i, )' 

Moon's mean longitude at rci^iiireil tini!-, 

Longitude of moon's^sis, n,iilnigli(, at rjjnyiii; - i. 55j, 
add for dilfcrvnce of incridiiui. us nisivc, 

Longitude of moon's :i]>«is »( required liine, 
deduct niunii's ineuii loiigiiiulr lii. l“ji. 

Moon's mean ,'iiioniaU' n'lfm, 


II 

ao 

59 

1(1 

9 

i'ii^ 

id 

9 

45 i6 

11 

ao 

59 r 

lO 

i8 

46 i5 


equal the sine of the equation o? M'.. ^ 

To pro a fortber and practical Jllua^tion of the process, we n ii] 
proceed to calculate the equation of the amis for the moon, at the time 
for whldh her mean place has betm found in the notes to tlie last chap¬ 
ter, riz., the let of January, 1860. midnight, ut Washington. 


n« i5» a3' a4V 
5 35'S7 


i- 


'Hn; jominaly iu-iiitf i'>Tkiiii.»l riin\:u>[ n’l tin- iir'.-h fnim tbe planet, 
the |uisiiioii tliiin i'iu!i"i fill- tin- iiin.tii r.-':;iiivi- !>> tin* is, nearly 

emuigh for iii’.rjxiM'.- i-f ■! by M in lln- rigure. By 

the mil' givfii ilium*, in ^i-r.'.i* ;ii'. lii.* iiri^i'—ii.i* ififtnjuj fit )—siiioe tliQ; 
anoinaiy is in rin* fiiiii'!!i, un rvi-n, -jii.iilriiiit—is ii> taken froni 
pari of the ijuiulnuit in-t iiii'lu>!>*<i in tin* iiiiMinaly, or AM; the 
pendiculHr-sino (ko{ij;fit) is ih:iL ■‘■>rri..'|ioii>.iing lo it< •.■omplciuent, or 
Mi). Tbnt is to sa\ : 


From tlio nnonialy, 

deduct (Iireo qiiadmnts, 

renuiins tlio arc M I), 
take this from n lyiiiilriuir, 

4 

remuins tUu aru A M,, 


io» iS“ Hfy’ t%" 
_9_' 

I i8 46 i5 

3 

i ir i3 45 


And l*v tlio method alrc.aily illustrated under verses 'll. 32. tbe sine 
corrospoinliiig to the hitter are, uliieli is the bi«-e-sine (Ww/Vyj/d). or the 
sine of mean :iiiifin.a1y, .M B. is foniiil T«> be 22(i<'': tliat from M D, which 
is MF, or K I*'. Ilm perjMmdicular-sine {kofiJut^K or o -ine of mpau 
anomaly, is‘i.'tS.'i'. 

Tlie next point is to liini tin* tn:c size of tb - epiciolc at M. 'By 
veiiti* 34, the euntraelion of it* eir«*nnifi*rein*e amounts sit'I") to 20'; 
hence, aeconling to the riiU* in vt*r«* 3S. w,* make the proportkin, sin 
A l>; 20':: .sin A M : diminution .at M; or, 

3iJ8: vo;: JJiio; iJ * 

Bcdiictiiig fnmi^a®. 1^10 circumference of i.ho epieyele at A, the amotint 
of iliminntion tliuV n.<i(;er^ncd, wu have 31*^ 47' As its dimensions at M. 

t'o 



SG^i/ar^ddhdntOy [u.39- 

•• • 

Once moro,.by verse 3J), wc nmkd tlio proportion, circ, of orbit: circ. 
y.pf ‘bpiopciti ;: AI* H : »n »; or, „ 

^ 3(Wi“ : 31 ® 47 ':9a66: aoo ’ 

The value, tbeu, uf m», the result from the biise-sinc {hhujajjfApkala)^ 
^ 200^; which, as »»n is assumed to equal o g, is the sino of the cqiia- 
J^on. IHoii)^ less than 225', its arc (see the table of sines, above) is of 
*TOe same value: 3° 20', accordingly, is the moon's ctiuiitinn of the- apsis 
(m&nda]l^ala) at the given time: the ligiirc- >hiiws it to be subtractive 
(fflfl), as the rule iii vewe 45 also dcclai'i-s it. 11 cnee, from the 


MuonV mean longituiio. 

II* 70* 59 ' 

ilodnct (lie cquatiuii. 

.1 70 

'Moiid's true 

11 17 39 

"yFc presoul bclivw. iu a briefer form, the results of a 
tiou mmlc for the sun. at the same lime. 

similar raloula- 

Sun's mean ioiurimrldl^idi.L’lii. at I'jjayiui (i. S3), 

8 * 17 ® . 48 ' 7 " 

' add for tliiTercncc cf mcriiliiin (i. t'O, ni), ^ 

a5 6 

Sun’s mean Innsitii'li' at nquiriMl tiiiu-. 

8 iP i3 t3 

ffLongitacle of suu'^ nji'i' ti. 111 . 

a I- 17 7.4 

Son's mean anomn'.y 1 ii. ‘2\* •, 

8 39 4 11 

subtract (Vom two iiuadraiits (li. :-0i, 

5 

Arc deUTRiinin^ hu-e-'iau. 

55' 49 " 

Baim-aine {f.hujnjyt l. 

5f>' 

Dimensions of i']>it;yi-I>- (ii. .'-•'• 1 . 

1.1“ 

. Besuli from {^‘hn'rijiinphala), or sine of equation (ii. 3(>). 

a' 

f'Sqnation {Mfind" phuhi, u. -li}, 

+a' 

'%no*s (me loijgiiuiic. 

jfi* i5' 


In moking these |■■al^.ill:^tion«. we have thf4 socotiiIn, ivjeoling 

the fraction r>f a minute, or cniniiing it as a minute. an-orJitig as it was 
■ liBss or greater than a half. J-'nr, (■•ui'iidcring that this methoil is tallowed 
in the table of siiien. w!ii< ii iii-s at lia: rnuiiilaiioii of the whole process, 
and coDudering ihat ilic '^iin* of ih** uic in t!r'. epicycle is assumed to be 
equal to that of the c(piaii->ii. it would evidently he a waste of labor, and 
an affectation of an c.vacinc-s gi-atiT ihan the process eontcmplaics, or 
than its general nicihod iY-niler-^ pr.-ictic.-iUlc, to carry into seconds tin: data 
employed. 

As staled below, in verse 4^1, thu equatinu thus fouml is the only ona 
required in detortniuirig the true longitude of the sun and of tlio moon: 
in,the c.x<^e of ihc other iilaiicbi, lumever, of wliich the apparent place is 
aflected l-y the motion ot the earth, a much longer and more complicated 
procev, ii. n^cc.>>s:(iT, of whii:h the explanation commcncee with tno next 
followii'g passage. 

'fhe rioh inaic method of making the calculalirm of the cqualiuii of 
the centre foiv the sun and moon is illuslralcd by the annexed fi^re 
(Fi«. »• . The points K, A, M, a, m, and o, correspond with those nimb 
Urly marked iiHthe last figure (Fig. 3). 9^|^.jetntca,tof the eccentric 
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cirde is attfid Es, which equals A a, is the eccentricity, which is giren.” 
Joinem; equals ME A, the mean anomaly, and Erne 

eqiialsMEo,th(iaquadoa. Extend 
' fA« to d, where it meets Ed, a |icr- 
pcndicular let fall upon it from E. 

Then, in the right-angled triangle 

Eed, the side Ee and the angles j 

—since Eed equals me a —are 
given, to find the other sides, ed 
and d E. Add e d to e m, the ra¬ 
dius ; add the square of the sum 
to that of Ed; the square root 
of their sum is Em: then, in the 
right-angled triangle mEd, all 
the sides and the right angle are 

given, to find the angle K i»» r, the _ 

equation. 

This process is equivalent to a transfer of the epii^-rli: from M to E; 
Kd becomes the result from the hase-sine and de that 

from the perpciKliciilnr sine (kol!jt/upkalo), and the angle of Uie equation 
is found in the saiiie inriiinrr as its sino. cc. is found in the llindu process, 
next to be cxjtlaiiD'd: nliilo, in iliat which we hav>‘ been considering, Ed 
is assiiiiied to be ti) er. 

Ptoleniv also ail.l-i {d ilm iiiui-m’s •*rbit an epii-yrlp, to account for her 
second ini'qii.-iliiy. the i-N-rlioii. tiu* disoovi iy «•[ wiiii-h does him so much 
honor. t»f this iuc.juality the HIihIui l ike ii-i U'.-li' !-. 



40. 'riio rf.'JiiIt. li'jiii till' of the 

dwtaiico li’oiji Iho is i-i !»■ b* rmliiitf, when the 

(listance (/tfl/u/'■(/) is in the hal!-i.M!/:; luviti'jitiL;- iviili (.'apricoTtt^ 
but when in that liv'LMniiiiiL' wiili t il.r ivstilt trotn the" 

I I I 

pcrpcndiruliu'-siiiit i.s to i'r 

•11. 'I’u tlio sipiare «d’ tliis .< 1111^1 i>r (.iiiri'i't'iioo aiUi Elie square of 
the result from llie ba.->n-siiii‘ tin- ?qninv root of 

their sum is tlm hypothfiiusc iiauiyi) variable (cata). 

Multi|ily the result from the biwi'-'-im: bv radiuS; Jiiid divide by 
the variable hvpothonuse: 

42. The are corresponding to the quotient 's. in minntc.s, etc., 
the equation of the conjunction b:iby//-v*t / i.-ila) : ii i‘< iiniiloyed 
‘11 the first and in the iburlli proccs.s ol' orrection {J.-arrnun) for 
•Mars and the other planets. 


The process prescrihed by this pass.-ige is fssi-nt illy tlu- same with fl^t 
explained and illustrated under the prci-L-ding the only difTereheu 
being that here tlio sine of the roiuiircd i(juaii>ai, instead of being 
aniinicd equal to that of tin- arc trioorsi'd by ilio jiiaiu-t in tho c-piryele, 
ia obtained by calculation from it. Tho aiim scd tiguru (Kig. 5) win ex¬ 
hibit the niethoii pursued. • 

^0 larger circle, C MM'O, represents, ns before, the orbit in which 
any one of tliu planets,jui ^ the being at its conji^netion {fiffhrocctr) are 




mtkiilg the circuit of the heavens about E, the earth, as a centre, in the 
. direction indicated hy the arrow, from C through M and M' to O, and so 
on. But since, in every case, the ronjiinction moves more rapidly east* 
ward than the planet, overtaking and passing it, if we suppose the coi>>»' 
junction stationary at C, the virtual motion of the planet relative to that' 
point is backwapl. or from O tlimugli M' and Nf to C., its mean rate of 
approach toward C being llie dili'ererwe bi.'lwf'cn ih«‘ moan motion of the 
planet and that of tho sun. As lirforc, the amount to which the planet 
is drawn away from il^ iiu-rin iihu-c toward tlie (;iiiijuiii‘tinn is ralculnted 
by means <if an tployc-le. Tli<; i-iri-l«'s ilrawn in the ligiire to represent 
the epicycle aie of the relative diirn-nsions of that assigned to Mercury, 
'oranlilo more than baU' that of Mari, '('lie direction of the planet’s 
motion in the epicycle is the revi‘r»- of tljat m the I'liictele of the apsis, 
as regards the actual niotiou of iln- plain-t. iu its b>-ing eastwanl at 
the conjunction; ns ri-gio-ds tiic iii'iiion of tin; ]da:ift relative to the con* 
junction, it is the s^inc as in tin: ca.>-'o. bfiug in the contrary direc¬ 

tion at tlie eonjunciion: its cll'cct. iii' cour>>‘. i.< U) in«Mca.se tlie rate of the 
eastward movcnnint ai thal point. kinie of the planet's revolution 

about the contre of tljo i-picu'le i^i the inli'rvid between two sui:cessire 
pa: through the point lln; conjunction: that is to say, it is equal 

to the period of synodical revolution of each planet. The.se periods are, 
according to tho elemeiiLs presented in the text of this Biudhunta, as 
follows: 


Mercury, 

Il 5 i 

3 |li 

4 an 

\ eriiis, 

583 

at 

37 

Mars, 

779 


11* 

Jupiter, 

39B 

ai * 

ao 

c 

Saturn, 

378 

a 

4 


The are of'ihe epicy^ traversed by the planet, at, fitiy point in its|^o- 
ifion. is equal to its djstanco from the co gjugg ^n, when reckoncirfor- 
from the plauctn^ccurding to the ^ 20. 
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Suppose, nov, tbe mean place of the planet, relative to its conjunctioa 

at 0,.fo at M: it» place in tiie e{n6yfile » at mi aa for from < 
c'", in either diraetion, as M from C. The arc of the epicvde already ^ 
-truveiaed is indicated in this figure, as in Fig. 8, the heavier line.. 
Draw Em, cutting the orbit in o; then o is the jdanet’s.tnmlp^ie, and 
o M is the eiqnation, oc tlie amount of removal from the tneiut'>b7 
the attraction of the being at 0. - - • ' 

The sine and ooinne of the distance from the conjunction,, the duumi- 
Mons of the epicycle, and tlio value of the correspondents in the ^cjcle 
to the sine and cosine, arc found as in the preceding proce». Am-nM, 
Uie result from the cosine (kotijydphala)^ to MJ^ the radius: the-iretull 
is the perpendicular, £n, the triangle Enm. To the square of En 
add that of the base n m, the result from Uie sine [bhvjajydphala ); the 
square root of the sum is the line £ m, the hypotlieiiuse: it*i8 termed the 
variable liypothcnuM (eala karna) from its constantly changing its 
length. We have now the two similar triangles £mn and a 

comparison of the corresponding parts of which gives us tlie propOlmn 
Km: m a:; Eo: oy; that is to say, o^, which is the sine of the equation 
oM, equals the product of Ko. tin*. rarliu<s into m it, thv result from the 
base^siiie, divided by the variable hypotlienust;, Km. 

When the planet’s mean place is in the quadrant DO. as at M', Eie 
result from the perpcndiciilar-sinc (kofijyAphala), or M'n'. is subtracted 
firom radius, and the remainder, Kn', i.-> employed as before to find the 
value of Ehi, tiio varinhle. bypot lien use: and the comparison of the 
similar lriaiiir!'-s Em'n'and Eo''/'gives o'ff', the «inc of the equation, 
o'sr. 

ll is obviiiux that wbon tin- iii'-iin di-fanr*- "f a pl inet from its conjunc¬ 
tion is tiniii a •|n:ii!rant in i-i.li^-r a- at M, the luwe En i.s 

gre.-iicr ilian radiiio; wln-n thai iiioiaiK-i* !■> iiumo than a ipiadiant, as at 
M', till' liiiso K»' is Ir-.s ili in radi'.iN: th * l■osil|,l i« tri be nihk-d to radius 
in tlip ono ciiM', iiiifl .siiliirai-Li'd iVoin it iti iln.' other. Thi^ is the mean¬ 
ing of tin* nil*' III vi'iM' -lU: ooiiiiiari- tin* iioii-s to i. .j'^^ and ii. ItO, 

In illnstratioii of the |iroi-r>«i. we niil ciileiilati' iln* i-qiiation of the 
coiijniK-tioii Ilf .Morrurv for tiic L;ivi-n liine, or for niiiini<.dit preceding 
Jiuiuary Jst, at Washington. 

Since llii' llindii system, Iik>' ihi- interelianges in the case of the 

two inferioi planets llie iniiliim and jilaee i^f the ]>laiit-t it$elf and of the 
sun, giving to the fornier as ii.s nieaii motion that which is the mean 
apparent. moLion of the siiii, aitd assigning to tin: eonjunetion (•‘tffhrocea) 
a reruliilioii wliiob is actually that of the planet in its orbit, tho mean 
position of Mereiiry at the girun time i.<% that foaiul above (under v. 30) 
co lic that of the situ at the same linio, while to lln>l that 'f its conjunc¬ 
tion Wi> have to add* tho equation for dilierenci' o meridian (llrpdnhira- 
pkala, i. 60, 61), to tlic longitude given under i. ott as that of the planet. 

Ijoogitude of Mercury's ooigaiictioii ({.-i^Arocca), midnight, at Ujjayiiil, 4 * 1 5^ i3' 8 '' 
add fur ditforence of meridiau, i Xi 14 ' 

of coBjunetion at required time, *4 16 Srj it 

Msaii^ltgitttde of Mercury, 8 18 i 3 i 3 

Moan commutation (fighrakHlSli^li^^yj ■ . 7 aS 44 9 
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The position of Mercurv with reforence to the eomillictioii is eccord-* 
ingly veiy nearly that of in Fig. 5. The arc wbm determines the 
bsee-Bioe {bhujajy&)^ or O M', is 58° 44', while M' D, its complement^ 
from which the perpcndiciilar-nine {kotiJyA) is taken, is 31° 16'. The 
corresponding sines, M' IV niid M' G, are 2038' and 1784' Tospectiroly. 

The epicycle of Mercury is one degree lew at D than at O. Hence 
the proportion 

3438: 6o;: 3938 : 5i 

gires 51' as the diminution at M*: the drcumference of the epicyle at M, 
then, is 132° 9'. The two proportions 

36o® : 133* 9 ':: 3938 : 1078 , and 36o®: 1 3a* 9 ':: 1784 : 655 , 
giro us the value of m'n'as 1078', .ind that of n'M'as 655'. The 
commutation ^being more than three and loss than nine si^s, or in the 
half-orbit be^nning with Cancer, the fourth sign, n' M' is to be sub¬ 
tracted from EM', or radius, 3438'; the remainder, 2783', is the perpen- 


diculfrEii'. 

4 b the square of E n-', 7,745,089 

add the square of n' 1,16a,084 

of their sum, 8,907,173 

the square root, 3984 


h the variable hypothenuse [cala kurifa), Em', llie comparison of ' 
triangles EiiVn' and F'o'/;' gives (lu; proportion Em'; m'n': :£o': o'y', or 

198 . 1 : 1078 :: 34%: ia 4 a 

The value of o'*/', tlie sine of the equation, is accordingly 1242': the cor> 
responding arc, 0 ' M, is fiuiml l»y the process prescril>ed in verso 33 to bo 
21 ° 12 ^ The figure sliuws the equation to be .sublr 3 cti\o. 

The annexed tabic presents the n sults of tlio calculation of the equa> 
lion of the conjunction {righrakarmun) for the live planets. 


R^ulis of the Firnt Process for fiiullHg tlvs True Places of the Planets. 

-_ Menu iLongitudBof' Mfan V^n. lYf. 

^ l^iifilDd I Cuiijuiictiou. 


1078! 

aaa6 


|Mict»iy,|8 18 i 3 i 3 ! 4 16 57 aa- 7 38 .{4 9 393.V i 3 a 
Venus, :8 r8 i 3 i 3 !ro a 1 49 47; a 3 36 34 3 o 8 u a 6 i> 

iMars, 15 »4 3 o 57! 8 18 i 3 li a a 3 4 a j 6 , 34 i 6 a 3 a 

Ijapiter, |a a6 a i4{ 8 18 i 3 i 3 , 5 aa lO 59 46(8 70 16 91 

jSaturo, |3 ao la 3 ; 8 18 i 3 i 3 , 4 ad 1 ioji8ac^ 39 3 a: aoo 


655 3984 ]-ai raj 
iio4'5u58j-fa6 7 
aaS ;4a74j+3i i 
665 !a774:+ 


3ao !3ia4 


’4'-h 1 53 
i4j-i- 340 


This is, however, only a first step in the whole imerarion for &di|ig 
the true longitudes of these five planets, aa is laid down ria th«,next 

..*r. 

4^ The process of coircction for the 
‘ thip only one reciui^d for the sun. and moon.; ;lbr Mars, anc' ' 

; <^er planets are j^scribed that f&r j^e c(H|jNmcdp6 Mfo 

the apsia^idfubt), again that^or^^ie ap$ui|%2n Jwt’tbr 


£Oi\i,unction—mr, in succ 
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44. To ibd nieas place of the planet apply half the equation 
of th6 conjtmctioft'(i!^rap%a2a), likewise half the equation of the 
emIs ; to the mean place of the planet apply tlie whole ^nation 
of the apsis {mandciphala)^ and also that of the (K)njanGtion. 

45. In the case of all the planets, and both in the process of 
correction for the conjunction and in that for the apsi^ the equa¬ 
tion is additive {dhana) when the distance {hnidra) is in the half¬ 
orbit beginning with Aries; subtractive (rna), when in the hall- 
orbit beginning with Libra. 

The rule contained in the l.'tst verse is u general one, applying to all 
the processes of calculation of the cf|uations of place, and has already 
been anticipated by ns above. Its meaning is, that when the anomaly, 
{^windakemrtC^y or comniiilatioii {fUihrakefidra\ reckoned alw’ays forward 
from the planet to the apsis or conjunction, is less than six signs, the 
equation of ])liicc is additive; when the former is more than six signs, 
the equation is subtractive. Thu reason is made clear by the figures given 
above, and by the c\phiiiatioii» under vun»es 1-5 of this chapuir. 

It should have been nieniiunuil :i1)i>ve, niider vcric ‘JU, where the word 
kendra was first introduced, that, as cinjdoycd in thi-* .«unsc by the Hin¬ 
dus, it properly significH. tin- position (mv note li> i. 53) of the “centre” 
Cf the epicycle—wliioh coincide'* with tlie mean itluce of the planet itself 
-^relative to the apsis or conjnnetion respectively. In the text of the 
Shrya-Siddbanta it is used only with this li^ignification ; the commentary 
employs it also to designate tliu centre of any rirclo. 

Since the sun and mmui liavu but a single in>'i|nahty, according to tbe 
Hindu system, the ualciilati'iii of tlcir true pl:u-rs is simple and easy. 
With the other planets the case is dilfcrunt, on account of tbe existent 
of two causes of disturbaneu in their orbit.s and tliu consequent necessity 
both of applying two equations, and also lU' allowing tor the cficct of each 
cause in determining the equation due to the other. Tor, to the appre- 
■ hension of the Hindu astronomer, it would not be ])ro]»er to calculate the 
two equations from the menu place of tlic planet; n<jr, again, to calculate 
.cither of the two from the mean plm-c. and, liaving appliotl it. te take 
the new position thus found as a basis from which to calculate the otbv; 
since the planet is virtually drawn away from its mean place by mo 
divinity at either apex (area) before it is snbniittud to the action of tbe 
other. The method adopted in this Sidilhanta of balancing the two- 
influences, and arriving al tlicir joint ell'eet upon the planet, is stated in 
verses 43 and 44. Tlio phraseology of the text is not. entirely explicit, 
and would bear, if taken alone, a diflerent intcrprctetion from that which' 
the commeatar^lita upon it, and whieh the rules t • be giveu later sliow. 
to be ite-^c ijipyuiiiig; thh is as follows: first cal*, date from the mean 
' place of i^c l^l^t the equation of the conjunction, and apply the half 
of itjio lie mean jdacse; from the position thus obtained calculate tbe 
eqtimn ^ the apeia,' and apply half of it to the longitude as alrMy 
f result nnd once more the tguatipn qf the aps^ 

planet; and fi^ly, cald^ 
late tnolam mly to^ 'tliia 1^ placa the yrhola Jjbnation of the eoh- 


[ii. 46. 

W 9 b««6 ^1cul:ited by this method the'true plkees of' the five plaiiet«t' 
’^■nd-pa«aenttlie results of the processes in thO'^UIowing tables, llibsa 
'Vf tlit &st process hare been already given under the preceding pns> 
■rttge-: the application of half the equalions there found -to the mean 
longitude gives us the longitude once equated as a basis for the next 
'prtxess. 

• 'JS - / 

jBCsa/fo of tine Sc€(Mti Process jorjindintj the Trm Places of the Planets, 


Pi , K<|iintr(il ! l^ngitiiilo ! ISqunlPil j niim-- 

[ Ijuiijitiiili-. ! of Aimik. I Anomaly. aino. 

I'orrorlcili Equation 
Epicycle., or Apii*. 

1 

|t0 '!■«> * IP || m f| ■ 

Mercury, i 8 7 37 | 7 10 ?8 90; 11 y 5 i ! ifiTiS 

Venn*, j 9 1 i” .-2 19 17 1 5 iB 35 j fiSi 

Mur*. ■ 6 III 1 '10 a 4 " <(■ n ^9— 

Jupiter, ! 9 an '19 .5 ai ?'2 19 a aj 2.31 . 3 .iao 

Saturn, • 3 a-2 1 17 3O 37 34 | 4 4 37] 9839 

■ • j ■ ■ 

39 5 j - a 7 

II 48 I 0 aa 

*73 34 ' -10 a 

3 a 0 1+5 5 

48 II 1 + 6 30 


Again, the application of half these equations to the longitudes as 
once equated lurnishos the data for the third process. The longitudes of 
the apsides, being tlio same as in the sccoud oper.*itioii, are not repeated 
in this table. 

Results of the Thhfi Process far fndinff the True Places of the PlanOs. 
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The original mean longitude^ are now eorrccUiil by the results of tlie 
third process, to obtain a position from which shall lie once more calcu¬ 
lated the equation of the conjiiiicLiiUi: and the application of this to the 
position which furnished it- viclds, as a liua! result, the true place of each' 

pbmet. 


Results of the Fourth Proctsifirr futdlaft the Tme Places of lha Planeie. 
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Jupiter, 1.3 i 6 5 17 7! 7<iO, 70 a? 
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We canoot furnish a comjiarison of the Illqdif ■ detegmiaatioMgdj^lM 
true^ places of the planets with their actual- pMUions as ascertflnir.by 
our modern methods, iinlil after the sut^^ oi the'Iati^i^e has bdis 4ealt 
iiiitJi: see below, under verses ’ 
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liilidvr BiiilM «f iliKliiig tbf ^9 ImgitadM «f tlit ftft plawti 

vhoM appanut ]M 4 itioo.i» affecUd.fij tfif ptnllax iff tht cndi'tflMta 
iMvisg thva Ma ftUy ezpWnod, vt will proea^d tp iodiesUb M mc- 
cinetilf M poMiblab tb* way in wbiidi th# laine pi^wa i» aplvad if dbt 
gnat^Qreek aitronomer. Ibe uinezed fi|pire (ra. 9) wiU iUmUwtt Itb 
method: it» taken from tboM printed In the ^ntaxiib hut with wch 
modifications of form as to make it correspond with the (^res prsfvi* 
posly given here: the conditions which it repreMOts are onfy hypmfh> 
ical, not according with the actnal elements of any of the pUqetanr 
orbits. 

■Let E be the earth’s place, and let the circle ApC, described ahoui 
E as a centre, represent the mean orbit of any planet, E A being ^e 
direction of its line of apsides, and E C that of its conjnnetion (pfyAni), 

pj- f _ called by Ptolray the 

' apogee of its epii^elsb 

Let EX be the double 
eccentricity, or the 
equivalent to the ra* 
dius of the Hindu 
epicycle of the apsb; 
and let EX be bi¬ 
sected in Q. Then, 
as regards the influ¬ 
ence of the eccen¬ 
tricity of the orbit 
npon tlie place of the 
planet, the centre 
equable angular iqoh 
tion is at X, but the centre of equal distance is at Q: the planet virtu¬ 
ally describes Uie circle A' P, of which Q is the centre, but at the seme 
rate aa if it were moving equably npon the dotted circle, of which the 
centre is at X. The angle of mean anomaly, accordinglv, which In¬ 
creases proporrionally to the time, is a; X A", but F is the planet’s plaopi 
PEA tne tmo anomaly, and E P X tho equation of place. The nine 
of E P X ia obtained by a process analogous to that described above, 
under verse 39 (pp. Ofl, 67); EB and BX, and QD and PX, era 
first found; then DP, which, by subtracting DX, gives XP* XP 
added to BX gives BP; and from BP and bE is derived EPB, |lm 
equation required; subtract this from PXA, and the remaindw ia 
BE A, the planet's true distance from the apsis. About P describe 


position in the mean orbit, and 1 n i the eqnatK n ot tne epicycle^ or 
of the eonjunction. In oi^er to arrive at the va.ue of this cqnatitmt 
Ptolcniy.fiirst finds that of SES, the corresponding angle when 
centre of the epicycle is placed at ^ at the mean distance £ E» or 
from E: ho then diminishes it by a complicated proce^ .into 
tnlSi^ils of whicL it is not necessary here to Ontcr, anA %hicb, at 
wl^melf acbiowledges, is not strictly accurate^ hot yiel^ results sn|El- 
dtl^nrar (o tjta truth. Tho ipplication of tlto eHwwQ thua obtained . 





|6 !^e place of tbe planet as already once equated gives the final resuli 
'^uht for, its geocentric place. . 

ibe cose of Mercury, Ptolemy introducea the additional supposition 
tittt the centre of equal distances, instead of being fixed at Q, resolves 
- In a retrograde direction upon the circumference of a circle of which X 
.{a the centre, and X Q tlic radios. 

After a thorough discussion of the observations upon which his data 
and his methods arc founded, aud a full exposition of the latter, Ptolemy 

P roceeds himself to construct tables, which are included in the body of 
h worh, from which the true places of the planets at any given time 
may be found by a brief and simple process. The Hindus are also ac¬ 
customed to employ such tables, although their construction and use are 
nowhere alluded to in this treatise. Hindu tables, in part professing to 
be calculated according to the Sfirya-Siddhitnta, lin%‘c been published 
by Bailly (Trait6 dc I'Astr. Ind. ct Or., p. 33.5, etc.), by Bentley (Hind. 
Ast, p. 219, etc.), by W'arren (Kala Sankalita, Tables), by Mr. lloisiiig- 
ton (Oriental Astronomer, p. 01, etc,), and, for the snn and moon, by 
Davis (As. Res., ii. 235, 25G). 

We are now in a condition to coinp.arc the planetary system of the 
Hindus with that of the Grcck-s, and to take note of the principal re- 
aemblanccB and differences between them. .-Vnd it is evident, in tnc firat 


place, that in all their grand features the two arc essentially the same. 
Hoth alike analyze, with remarkable success, the irregularities of the 
apparent motions of the planets into the two main elements of which 
they are made up, and both adopt the same method of representing and 
calculating those irregularities. Both alike substitute eccentric circles 
fi>r the true elliptic orbits of tlic planets. Both agree in assigning to 
'Mercury and Venus the same mean orbit and motion as to the sun, and 
iO'^viug them epicycles which in fact correspond to their heliocentric 
oimts, making the centre of those epicycles, however, not the true, but 
the mean place of the sun, and also applying to the latter the correction 
due to the eccentricity of the orbit. Both transfei the centre of the 
orlntB of the superior planets from the sun to the earth, and then assign 
to.'etch, as an epicycle, the earth's orbit; not, however, in the form of 
an ellipse, nor even of an eccentric, but <n that of a true circle; and 
here, too, both make the place of the oemtre of the epicycle to depend 
npon the mean, instead of the true, placu of the sun. The key to the 
Whole system of the Greeks, and ihe det«:rmiiiiug cause both of its nu¬ 
merous accordances with the actual conditions of things in nature, and 
of its inaccuracies, is the principle, distinctly lairl down and strictly ad¬ 
hered to by them, that the planetary inovcinonts arc to be represented 
by a combinatiou of equable circular motions alone, none other being 
deemed suited to the dignity and perfection of the heavenly bodies. By 
. the Hindus, this principle is nowhere expressly recognized, so far as we 
. are aware, as one of binding infiucnce, and although their whole system, 
no {ess than that of the Greeks, seems in other respects inspired by it^ 
^ it is in point, as we shall note more particularly hereafter, distinctly 
"q]|Mudoned and violated by them (see below, under vv. 30, 51). 

but regard with the highest adhiu^ation the aciiteness fui^in- 
tho power of observation,' ualyiia^'and deduction of tho^EIrwki, 
. ‘ ' ■ 
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hampered by &lse aunmptioni, and imperfectty provided wit^ 

inttrumcnli, they were able to conatract a acienco coDtaining to rnn^ 
of truth, and serving as a secure basis for the improvements of afttt 
time^^whether we pay the same tribute to the genius of the Hindu will 
depenld upon whether we consider him also, like all the rest of the world, 
to have l>ecn the pupil of the Greek in astronomical science, or whether 
wo shall believe him to have arrived independently at a syitepi tb 
closely the counterpart of that of the West. 

The diifcrenccs between the two systems are much less fundameAtid 
.and important. The assumption of a centre of equal distance diffe^hnt 
from that of equal angular, motion—and, in the case of Mercniy, itself 
also movable—is unknown to the IJiudu.s: this, however, appears to be 
an innovation introduced into the Greek system by Ptolemy, and un¬ 
known before his time; it wa.s aduptol by him, in spite of its seeming 
arbitrariness, hccansc it gave him results acconling more nearly with hu 
observation.s. The moon’s cvcciion, the discovery of Piolcinr, is equally 
wanting in the liindii a^tronniny. As regards the combined application 
of the equations of tlic a]>siK and tlic conjunction, the two systems are 
likewise at variance. Ptolemy follows the truer, us well as the simpler, 
method: he applies first Uie whole corrc>;tion for the eccentricity of the 
orbit, obtaining ns :i result, in the cn»c of the superior planets, the 

{ ilanct's true lieliucontrii- pluee; and iliib he then currerts for the paral- 
ax of tlic tenth's position. lien;, too, ignorant as he was of the actnal 
relation between the two equations, we may siijipose him to have been 
guideil by the better r-oinrideiice with observation of the results of hia 
processes whcMi ihiis DMidiu-^cd. The lliiuhis, on the other hand, not 
knowing to which of the two siiperiiaiural beings at the apsis and cou- 
jmietiun should be attribiitei) the priority of iiitiuence, conceived th^ 
to act siinultaneoiisly, and ailujned the nu-thoil stated above, in verse 44, 
of obtaining an average i>liu-i. whence their joint effect should he cUeu- 
latod. This is tlie only point where they forsook ilie geometrical method, 
and sulVered their theory respecting liic character i»f the forces'produ¬ 
cing the inequalities of motion t«j modify their processes and results. 
The change of dinieiisions of the ejiiev-les is also a striking peculiarity 
of the ilindn system, and to ns, thus far, its most enigmatical feature. 
The virtual etVeet of the alteration upon the epicycles themselves is to 
give them a form a)qiru\imating to the elliptieal. lint, although the 
epicycles of the eonjnnetion of the inferior planets represent the proper 
orbits of. those planets, and those of the superior the orbit of the earth, 
it is not possible to see in this altoratiuii an uneonscioiis recognition of 
the priiieiplo of elliplieiiy, heeansc the major axis of the quasi-ellipse— 
or, ia the ease of Jupiter and Saturn, the i..iiior axis—is constantly 
poinfid toward the earth. Its effect upon the Ji'bit deapribed by the 
planet is, as ooneorns the epicyelo of the apsis, \j give to the eccentrio 
circle an ovoid shape, dattenud in the first and fourth quadrants, bulging 
in the second and third : this is, so far as it goes, an approximation to¬ 
ward l*toleiny’a virtual orbit, a circle described about a centre distant 
ff^ the earth's place by only half the equivalent of the iadioa of the 
Agicycie (the circle a P in figure 6): but the approximation 
to furniih any hint of an expIaDatiop, A diminatioa 
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,Wh«n it it additire: bbt'we hatdfy feel justified in assuint^ 
t6 be temrded as an empirical correction, applied to mate ^ip| l»« 
inlta of calculation agree more nearly with those of observation, ipRise 
fli amount and place stand in no relation which we have been able to 
tndi to the true elements of the planetary orbits, nor is the acenraoy 
of either the Hindu calculations or observations so great^ is to inahe 
aaeh slight corrections of appreciable importance. We are compelled’ 
miieave the solution of this diflSculty, if it shall prove soluble, to later 
Inveetifi^tion, and a more extended comparison of the different text* 
books of Hindu asttonomical science. 

Am regards the numerical value of the elements adopted by Uie two 
aystems—their mutual relation, and their respective relations to the true 
cileraents established by modern science, arc exhibited in the annexed 
lOUe. The first part of it presents the comparative dimensions of the 
jpbnetary orbits, or the value of the radius of each in terms of that of 
the earth's orbit In the case of Mercury and Venus, this is represented 
1^ the relation of the radius of the epicycle (of the conjunction) to that 
the orbit; in the case of the superior planets, by that of the radius 
of the orbit to tlie radius of the epicycle. For the Hindu system it 
was necessary to give two values in every case, derived respectively from 
jibe greatest and least dimensions of the epicycles. Such a relative de- 
tennination of the moon's orbit, of course, could not be obtained: its 
absolute dimensions will be found stated later (see under iv. 3 and xii. 
84). The second part of the tabic gives, as the fairest practicable com- 

f N>a of the values assigned by each system to the eccentricities, the 
test equations of the centre. For Mercury and Venus, however, the 
»Dt and modern determinations of these equations are not at aU 
[riuable, the latter giving their actual heliocentric amount, the for- 
todr tbftfr apparent value, as seen from the earth. 

. SelaHve DimeiMionx and JKecentricities of Ihi Planetary Orbits, accordii^ 

to Differaii Authorities. 
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48. Multiply the daily motion of.a planet by 

^lesolt from the baae-sine {bdhuphala^ nHN^^vide^ to 
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j.3j niW| aUowMMo io maiflo for tbat of tho eqoiihm of tinwi 
tha differonca betwoea mtanand i^iparimtaohirtim^ which fo dli« 
M^’the differeace between the sun'e mean and tra^phusee* The inetlil^ 
.mo^fcpmployed bv the Hindus in measuring timi oie described, 
brraiPteid insnffioiently, in the thirteenth chapter of this isbtk: fa an 
probiUtility the gnomon and shadow was that most relied npoii; at any 
rate, they can have had no means of keeping mean time with any 
racy, and it appears from this passage that apparent time alone is re¬ 
garded as ascertainable directly. Now if the sun moved in the emi- 
noctial instead of in tlie ecliptic, the interval between the paasagW ofmi 
mean and hia true place across the meridian would be the same part ^ 
a day, as the difference of the two places is of a circle: hence the priiH 
portion upon which the rule in the text is founded: as the nnmbw of 
minutes in a circle is to that in the sun's equation (which is the aamo 
with hia “result from the base-sine:” see above, v. 30), so is the wholb 
daily motion of any planet to its motion ilnring the interval. And 
since, when the sun is in advance of his true place, he conics later tO 
the meridian, the planet moving on during the interval, and the reverse, 
the result is additive to the planet’s place, or subtractive from it, accord- 
ingju the amrs equation is afblitirc or subtractive. 

The other source of difference between true and apparent time^ the 
difference in the daily increment of the arcs of the ecliptic, in which 
the sun moves, and of those of the equinoctial, whicli are the measurea 
of time, is not taken account of in this treatise. Tliis is the more 
strange, as that difference is, for some other purposes, calculated and 
allowed for. 

At the time for which wc have ascertained above the true placea||f 
the planets, the sun is so near the perigee, and bis equation of plaejpfo 
•o small, that it renders ncecssary no moditication of the plact^w 

S 'lren; even the moon moves but a small fraction of a second ddSlilp 
e interval between mean and apparent midnight. 

By bhukti^ as used in this verso, wc arc to understand, of course,, nob 
the mean, but the actual, daily motion of the planet: the commentary 
also gives the word this interpretation. How the actual rate of M(^n 
is found at any given time, is taught in the next passage. 

47. From the mean daily motion of the moon subtract tbe^ 
daily motion of its apsLs {jnanda)^ and, having treated the difier- 
snee in the manner prescribed by the next rule, apply the result 
Bl an additive or suotractivc equation, to the daily motion. ^ 

4B. The equation of a planers daily motion is to be calculated 
like the place of the planet in the process for the apms: multi¬ 
ply ihe daily motion by the difference of Inbular sines oom- 
aponding to the base-sine {dotjyd) of anoma.y, and then divide 
by tv^o hundred and twenty-five; 

- 49. Multip^ the result by the corresponding epimle df thg 
{mandeq>aridhi)^^A di^vide by the number of; agrees in i 
■ oai^'lkhio owa): the resc^Hn minutes, is:additive ^eii in the 

wi^ wbtr^ and subfoac^yevrhim in that 


, Only the effect of tbo ajpeie upon tbi daily rate of motion u treated 
iii in tiieee verses; the farther modification of it by the conjunction itt< 
'iliw subject of tliose which succeed. 

^iTerse 47 is a separate specification under the general rule f^n inj 
We following verse, applying to tiie moon alone. The rate of a planetn 
motion in its epicycle bcin^ equal to its mean motion from the apsis, or 
its anomalistic motion, it is necessary in the case of t)ie moon, whose 
apsis has a perceptible forward movement, to subtract thewily amount 
of this movement from that of the planet in order to obtain the daily 
rate of removal from the apsis. 

In'thc first half of verse 48 the commentary sees only an intimation 
that, as regards the apsis, the equation of motion is found in the same 
general method as the equations of place, a ccrluiii factor being mnltj- 
plied^y the circuinfci'cnce of the epicycle and divided by that of tho 
yjtbit Such a direction, however, would be altogether trifling and 8apen> 
fluous, and not at all in accordance witli the usual compressed style of 
the treatise; and moreover, were it to be so umlcrstoml, we should lack 
any direction as to which of the several places found for a planet in the 
process for ascertaining its true ]>lacc should be assumed as that for 
.which this first equation of motion is to be calculated. The true mean¬ 
ing of the line, beyond ail reasoiiublo question, is, that the equation is 
to be derived from the same data from wliii-h the equation of place for 
the apsis was finally obtuineil, to be applied to the planet's mean posi¬ 
tion, as this is applied to its incau motion; from the data, namely, of 
the third process, as given above. 

The principle upon which the rule is founded may be explained as 
follows. The equation of motion for any given time is evidently equal 
amount, of aecclcraticn or of retardation effected during that time 
Hf^e influence of the apsis. Thn.s, in b'ig. 3 (p. 64), mn, the sine of 
■ «nRl^'‘is the equation of motion for the whole time during which, the 
of the epicycle has been traversing tlic arc A M. If that arc, 
and the arc a'm, be supposed to be divided into any number of c^ual 
portions, each equal to a day's motion, the equation oi motion for each 
■necessivc day wiH'bu equal to the successive increments of the sines of 
^.the increasing arcs in the epicycle; and these will be erpial. to the sue-' 
cessive increments from day to day of the .dnes of mean anomaly, rc- 
. duced to the dimensions of the epicycle. But the rate at which thf 
sine k increasing or decreasing at any point in the quadrant k^-approl^- 
mately measured by the difference of tlu^ tabular sines at that point; 
"^d'as the arcs of mean daily motion arc generally quite small—being, 
'^except in the case of the moon, much loss than 3" 45', the unit of Uie 
table—we may form this proportion: if, at the ]ioint in the orbit occu- 
i‘«pied by the planet, a difference of 3** 45' in arc produces an increase or 
decrease of a given amount in UQk what increase or decrease of siue 
will be produced by a difference of arc.jr^ual to, the planet'a daily., 
potion t or, 225 : diff. of tab. sines:: planed' dmiy motion : correspohd- 
Hng diff. of sine. The redaction of th0 .read|m this proportion to ^ 
dmienikm^ the epicycle gives tin odbuiinWldit 

We will ealeulate by this metiipd lim 
ji ^ ^ loogit^i 
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990' 31 " 

.,6' 4i ^ 


]|o0ift moui onoinoliitic motion, 

‘S' 


783 54 


^IVom'^e proceM of calculation of tbe moon’a true plaoi^ givan abov^ 
we take 


e 

]bx>n*i aMim anomaly, 

BIm of anonuly {hhujt^gd). 

From ihe table of sines (ii. 15-27), we find 
Oerraaponding diflSeraiice of tabular aineig 

Hence the proportion 

aaS': 174':: 7*3' 54": 606' i3" 


lo" i8» 46' i5"* 
aaG6' 

174' 


shows the increase of tiic sine of anomaly in a day at this point to bf 
BOB' 13". The dimensions of the epicycle were found to be 31* 47*. ^ 
Hence the proportion 

36o» : 3i* 47':: 606' i3": 53' 3i" ^4. > 

give us the desired equation of motion, as 53' 31". By verse 49 it fb 
subtractive, the planet being less than a quadrant from the apsis, or iH' 
anomaly being more Uian nine and less than three signs. Therefore, 
from the 


Moon'a mean daily motion, 
aubtract the equation, 

Moon’a true daily motion at given time, 


790' 35" 
53 3i 

737 4 


The roughness of the process is well illustrated by this examjde^li 
Had the sine of anomaly been but 2' greater, the difference of siaes 
would have been 10' less, and the equation only about 50'. 

The equation of the sun’s motion, calculated in a similar maauer, is 
found to oe -\-2' 18", and his true motion 61' 26". 

The corrected rate of motioa of the other planets will be given under 
the next following passage. 

50. Subtract the daily motion of a planet, thus corrected for 
tbe apsis {man(la\ from the daily motion of its conjunction ^ 
{^hra ); then multiply the remainder by the difference between" 
the last iiypothenuse and radius, 

51. And divide by the variable Iiypothenuse {eala kaiyia): i|to ; 
result i.s additive to the daily motion when the hypotheausu.p ^ 
greater than radius, and subtractive when this is less; if, when 
Bublrnetive, the equation is greater than d lily motion, deduct 
the latter from it, and the remainder is the duly motion in'a 

, retrpgrade direction. 

.Thu commentary gi^ |io demonstration of the rule which -we are 
taught to calcuu^''ue variation of the rate of motipn of a planet 

--jofied by the action o^;|^ .Gonjanction: the following fi|f(ir8, how- 

7), will iUuptt^.^ pnn^]^ upon which; it ia^j^ded. 
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,. (tAatof a plane^ E ue ___ 

|pv«n time, relative to its conjanetioD, C: tne ciride deaenbed tfbwt 
mihe epicycle of the eoDjanction: it la drawn, in the Bgnt%vi^ Uia 
„ ^Wative dimenaioDs of that aaaumed 
Ibr Hara. Sappoae H' M to be the 
amonnt of motion of the centre of 
the epicycle, or the (equated) mean 
araoaiciu motion of the planet, 
dnring one day; m‘m is the arc of 
the epicycle traveraed by the planet 
in the aame time. Aa the amount 
of daily synodical motion is in every 
case amall, these arcs are necesaarily 
. greatly exaggerated in the figure, 
being made about twenty-four times 
too great for Mars. Had the planet 
remained stationary in the epicycle 
at mf while the centre of tno opi- 
byide moved from M' to M, its place 
..'It the given time would be at «; 
having moved to m, it is seen at t: 
hence t < ia the equation of daily motion, of which it is required to 
aacertain the value. Produce £ m' to w, making E n equal to £ m, and 
join m n; from M draw M o at right angles to E m. Tlien, since the are 
mm'ia very amall, the angles Emn and Enm, as also Mmm' and 
If fli'm, may be regarded as right angles; M m o and n m m' are there- 
■ ton equal, each being the complement of Emm', and the trianglee 
nnmf and M me are similar. Uence 

Mm:mo::mm':mfi 

But . 

< Henee, by combining terms, 

But 

’^fbetolbre, ainoe EM equals Ef,) 
by again combining, ) 

^tnd, radneing the proportion to an equation, <f, the requited equatica 
Bil^lioo, equals M M', the equated mean synodical motion in a dn, 
^AlMplind by mo, and divided by £m, the variable hypotheause. Thi^ 
^ V^ever, is not precisely the rule given above; for in the text of thia 
^ Siddbinta, mf, the differeiice between the variable hypotliennso and 
ij^/adiuB^ is substituted for mo, as if the two were virtually equivalent: a 
Idfhly inaccurate amumption, since .they differ from one another by the 
v^aed sine, o /, of the equation of the conjunction, M f, which equation., 
ia sometimes as much as 40 **: and indeed, the commentary, contr^ 
its uloal habit of obsequiousness to the inspir||jd.text with whinh it hah/! 
to deal, rejqpts this assumption, and says^ witifbiit even an apology 
the lib^y it is taking, that by the woAi f radina” in voriie 60 is t o ^. 
nndantood.the cosiue (hotoyd) of the secohd.j|iqaation of the eoniqnci ||| | 


£M:Mm::MM':mm' 
EM :mo::MM':mn 
f«:E<::m»:Em 

If :me':MM':Em 
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' '''''In flturtfRtion of the nilc, ve will calculate the true rate of daily 
'■i^etiotr «f the planot Mnn*, at the snuic time for which the prcTiona 
^IcahitfoDa have ijccn Tnadf. 

—' -pmcpsK already-illr.iitratcil nmlcr the preceding passage, the 

equation uf Mai>iV daily motion for the effect of the apsis, as derived from 
the date<tf the third - process for nsccTtaiuing his true place, is found to 
bd -4* 41*, .till! difference of tabular sines being 131'. Accordingly, 

^ t mesa daily motion of Mara (i. S i), 3i' a 6 " 

tb« eqoatioD fiv the spau, 3 4( 

Ifadil's ^inited daily motkn, 27 45 

Ndyy te find the equated daily synodical motion, 

from the daily motion of Mnn’a conjunction (the sun). ^ 9 ' 8 '- 

dcduct ilia equated daily motion, 3-45 

Uars’a equated daily, synodical mot i> >ri, 3 1 a 3 

The variable hypothenuso used in tin* la«.t ])rocc«^s for iiiidiiig the true 
place was 3984'; its excess above radius is ri lC'. The proportion 
' 3984 ': 546 ':: 3 i'a 3 "; 4 ' 18 " 

ahows, then, that the equation of motion due to the conjunction at the 
given lime is 4' 16". Siiieo the hypothenuse is greater than radius— 
that is to say. since the ])liinot is in the half-orbit in which the induence 
of the conjunction is accelerative—the equation is additive. Therefore, 

to MarsV equated daily lootioii, 37 ' 45" 

add Uic equation fur the coujuiictiun, 4 iS 

Mars's true daily motion at the given time, 3a 3 

In this calculation wc have followed tli<' rule stated in the text: had 
we accepted the anicnilincnt of the cnuiiiieiitary, and, in finding the 
second tcnii tif our proportion, sulistituteiJ for radius the cosiuo of 
33” 44', tlie ruMiltiug oijuatioii would have been more than doubled, 
becoming 8' ol", instead of 4' IS"; this liapponiiig to be a case where 
the difference is nearly us groat as possible. Wo have deemed it best, 
however, in making out the corresponding results for all the five planets, 
as presented in the aiinoxcil table, to .ailhere to the directions of tha^. 
text itself. The inaccuracy, it may be observed, is greatest when tha^ 
equation of motion is least, and the contrary; so that, although some^, ^ 
times very huge relatively to the equation, it never comes to be of 
great importance nlisoliitcly. # 

JReaulis of iht; Proeeaaca for finding the True Da iy liToilm of the P/ausCt. 


Final. 
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Equation 
of Afiiif. 

Equitod 1 Equaled Eqiuuion 

Motion. jSynud.Moiion. orCoiqjuneikHi, 
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190 45 
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-35 45 

1 «■ 

+29 a 

Venus, 

219 
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61 I 

35 7 

; +11 n 
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i3i 

-3 4i 

27 45 
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i + 4 iff 
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^•■filial abandonment the Hindus of the principle of eqnable cir^ 
cnlar motion, which lies at the foundation of tlie whole system of eccen- 
tries and epicycles, is, as alreiuly pointed out above (under vv. 43-^6^ 

. dirtinetly exhibited in this proi’css: in*m (Fig. 7), the arc in the epi¬ 
cycle traversed by the planet during a given interval of time, is no fixed 
and equal quantity, but is dcpi iidunt upon the arc M' M, the value of 
which, having suffered correction by the result of a triply complicated 
process, is nltogcthcr irregular and variable. This necessarily follows 
from the assumption of siinnitancoiis and mutual action on the part of 
the beings at the a[>sis and conjunction, and the consequent impossibility 
of constniccing a single connected geometrical figure which shall repre- ' 
sent the joint effect of the two disturbing influences. By the Ptolemaic 
method the principle is consistently pi'e»ervcd: the fixed axis of the 
epicycle (see Fig. U, p. 217), to the revolution of which that of the 
epicyclo itself is bound, is x P X; and as the angle x PT, like a;X A", 
increases equably, the ]>l}inet traverses the eircumferenoc of the epicycle 
with an unvarying iiioiioii reluiivc to the lixed point x ; although the 
equation is derived, not fit)!!! the arc x T, hut from « T, the equivalent of 
Cfik ita part f varying with the varying angle £ F X. 

Id case the reverse motion of the planet upon the half-circnmferenei 
qf the epicycle within the mean orbit is, when projected umd the orlfi^ - 
gmter than the direct motion of the centre of the epicycle, the planet 
will appear to move backward in its orbit, at a rate equal to the execn 
of the fonner over the latter motion. This is, as the last table shqwe, 
Ae case with Jupiter and Saturn at the given time. The subject of the 
Ktrogradation of the planets is continued and completed in the next 
fidlQwing passage. 

52. When at a great distance from its conjunction (^ghroem), 
a planet, having its substance drawn to the led and right by 
(ilacK cords, comes then to have a retrograde motion. 

53. Mars and the rest, when their degrees of commutation 
. {feendra), in the fourth ]»roccss, are, respectively, one hundred 
. and aixty'four, one hundred and forty-four, one hundred and 

thirty, one hundred and si.xty-three, one hundred and fifteen, 
Become retrograde (mkrin): and wlicn their respective 
^mmufiitions are equal to the number :jif degrees remaining 
' i^r subtracting those numbers, in each several case, from a 
whole circle, they cease retrogradation. 

« 55. In accordance with tlic grcainess of their epicycles of the 
conjunction {(^hraparidhi), Venus and Mars cease retrograding 
in the seventh sign, Jupiter and Mercury in the eighth, Saturn 
in^he ninth. 

'The subject of the stations and retrogradations of the planets ia 
K^ifetheF briefly and summarily disposed of in this passage, althoOj^ 
treated with^ much fullness, perhaps, as is consistent with the gener^ 
method of the Siddh&uta. Ptolemy devotM to it the greater part of 
tJliIBWelfth book of the Syntaxis. ■ ■ ■ ■ 
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The flftit vene gives the theoir of the phymcal cause of the phenome¬ 
non ; il^ is to be compared with - the opening verses of the chapter, 
pnrticdlarly verse 2, Wu note here, again, the entire disavowal of the 
^item of epicycles as a representation of the actual movements of the 
planets. Ilow the slackness of the cords by which each planet is 
attached to, and attracted by, the supernatural being at its conjunction, 
fariiishes an explanation of its rctrogrndation which should commend 
itself as satishictorv to the iiiiiifl even of one who believed in the super¬ 
natural being and the corrlB, we find it vcryjiard to sec, in spite of the 
explanation of the coininentarv: it might have been better to omit 
verse 52 altogether, and to siifTer tiiu phenomenon to rest upon tlio 
simple and intelligible cxplanatinn given at the end of the preceding 
verse, which is a true statement of its ean<e, expressed in terms of the 
Hindu system. 'J'hc actual reason of the apjiarcnt rctrogra<lation is, 
indeed, (litt'crcnt in the ease of the inferior ami of the superior planets. 
As regards the Ibrmer, wlien tlie\ are iravcrsing the inferior portion of 
tlicir orbits, i>r arc nearly betui>e.n the sun and the enitb, their helio¬ 
centric eastward motion beeomes. of eourse. as seen from the earth, 
westward, or rc'trogra*le; by the parallax of the taitli's motion in th® 
same direction this apparent retrogiwintuiii is diminished, both - in rsto 
and in eontinnanee, but is Tiot prevented, be/'anse the motion of the’ 
inferior planets is more rapid than that of the carili. The retrogroda-- 
tion of the superior planets, on the other liaml, is to the parallax oT 

the earth's motion in the Batiio ilii.lion when berween iheni and the 

sun, and is ‘ueil by their oun iii<ui<iii in their r>rbii«, although not 
done away with all«>getlier. bceaiise tlu-ir motion is less rapid than that 
cf the earth, lint, in tin- llimlii syMem, tin- rev.iiution of the planet in 

the cpieycle of ..onjum tion repii-ents in tiie one ciwo the proper 

motion of the )>Ianet. in the oi'her, il.id of the earth, revefse*!; hence, 
whenever its apparent aniount, in a i-ontrary direction, exceeds that of 
the movement of the centre of the cjiievi lc—whii-h is, in the one case, 
that of the eaith, in the other, tlial of the planet itself—rutrogradation 
is the necessary cunsetjuenec. 

Verses oS-.'i.') eoiuain a staioiMOiit. of the limits within which retro- 
gradation takes place. The data of verse ■'<■? heiong to the diffoieut 
planets ill the order. Mars, Mercury. .Iu)iitei'. \'cniis, and Saturn (see 
above, under i. 51. 5'J). 'I'lial is to say. Mercury retrogrades, when his < 
equated coiniuulatioii, as iiiailc use o| in tlio fourth process for finding 
his true place (see above, urn lei* w. -t;i-45b is in-ire than 144’’ and less 
tlian21ti'*; Venus, when her couimutaLnui, in like iiiaiincv, is between 
163® and IU7°; Mai>, between 164® ami 166“; .Inpilcr, between 130^5' 
and 230*; Saturn, between 115* ami ■J4.;®. These limits ought not, 
however, even according to the tlioorv of this Siddhaiiia, to be 
down witli such exaetuciis *, for the precise point ai which the subtractive 
^nation of motion for Uie conjunction will exceed the proper motion- 
of tlie planet must deptmd, in part, upon the varying rate of th^latter' 
as affecUnl by its eccentricity, and must accordingly differ a little^ 
4 iff«cent tiiiies. Wc have not thought it worth while to Calculate flie 
«,a^uni of this variation, nor to ilraw up a comparison of the Hiadu 
the Greek and the modern determinations of the limits of rutrec 
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giMAtion, since tlicsc nro dependent for their correctnem upon the accu- 
nvB^ of the elements nssuincd, and the pmocsses employed, both of 
4hich have been already snlKciently illnatrated. 

The last verse of the passage :iilds little to what had bncii alrcatlv 
BAld, being merely a nipetition, in other and less precise terms, of the 
Specifications of the preowling verse, logcllicr with the assertion of a 
relation betwoon the limits of retrogratlalion and the dimensions of the 
rdlj^ctive epicycles; a relation which is only cnipiricsil, and which, as 
regards Venns and Mars, d^cs not cpiite hold good. 

5G. To the nodes of M.u-s, Saturn, .'in<l .Inpiter, the equation 
of the conjunction is to Ijc :i]iplu*il, as to the planets tlicirisulvcK- 
respectiveiy; to those of -Mcrcurv ami Venus, the equation of 
the apsis, as found by the third ]>roccss. in tlu'contrarv direction. 

57. The sine of tlic arc found by siditraeliiig the place of the 
node from tliat of the planet—«)]■. in the case of V»funs and 
Mercury, front that ol' the conjunction—bcinu muhiplicfl by tho 
extreme latitude, und divided by the hist liypfdhcuusr- -or, in 
the case of the moon, by r;u1i'is -gives the lalitudu {eihahcf^n). 

58. When latitude and «ie«']iuation {upukramti) are of like 
direction, tlie dcelinati'ai (/r/vb#//) is increased by the. latitude: . 
when of ditfereiit din'etion. it is diiiiiiii.<hf‘d by it, to find the* 
true (spos/ffrt) decliiialhm; that of the sun rciuaius as alA;ady 
detcrniiiicd. 


Howto fiii'l the dci’linalli>ii f>f a planet at aii\ (fivcfi point in the 
ecliptic, or cin'lc nf ili-fliiiaiinn [kranlirrUn), wji- ijciiflit tis in verse* ‘Jn 
above, tahen in <-.)niit'i-ticn with vit-i-s u ainl l(» nf iln* next rlia]iter: 
here wc hare statc<l the iiii'thed nf tiinliiii; the actual 'Iceliiiatiuii i»r any 
planet, a.s modilici by its (ieviation in latitu'lc IVdiii the ci'iiptie. 

The process li\ which the amount nf a jilanet'*; devialioii in latitude 
from the ccli))tic is here direetcd to be foiitid more eoM-ect than might 
have lx‘cri evpeetcil, fiinsidiTing how far the Iliielu- wen* fniin coiiiprr* 
bending the true relatiiiris of the -.olai s\steni. The tlircf quuiitiliea 
employed as data in the ]iriM*c»> an-, fus!. ilm antfular ilistani-e of tho 
planet frr^m its noilc. si;conii, the ajip.'ireut vaiin-, as liiiituilc, of its 
greatest removal from tin- ecliptic, when miuii ^Vmii the ■ artli at a iiican 
distance, equal bi the railius of its mean orbit: amt lar^tly, its actual 
distance from the earth. <M’thi‘*-c. (piantilies the MToml is st}itr>d for 
each planet in the concluiling verges of the iirst chapter; the third in 
correctly represented by the variable hypothennse (nila knriin) found in 
the fourth process for detenuining tin: plain't's true ]ilace (sec al)uvc, 
under vv. ; the iir.^t is still to bi; olitaiued, and verso iiti with thu 

first part of ver»c 57 teach the method of ascertaining it. 'I'hc princi¬ 
ple of thi.s method is the samo for all the planets, although the state- 
ment^of it i'i so different; it Ls, in efiect, to n[iply to the mean jilaco of 
^planet, before taking its distance from the node, only the equation 
dINba apsii found as the result of the third process. In the case of 
inperior planet^ this method has all tho correctness which the 
Hhidu syitom admits; for by tho first tbreo processes of oorreutiou is 
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found, An nearly as tiie Hindus are able to find it, the tme heliocentric 
place of the planet, the distance from which to the node determincH, of 
course, the amount of removal from tiie ecliptic. Instead, however, of 
taking this rlistancc directly, rejcctin.G: altogether the fourth equation, 
that for the |>.trallux of th:j earth’s pkfc, the liimius apply the latter 
both to the planet and to the nude ; their rel.'itivc position thus remains 
the ^aiiic ns if the other method h.ifl been adoptinl. 

Tliiiis for iiii*tniH‘r, the position nf Jii|iiters node np^m the first of 
January, 1400, is fouii«{ frotn the <latsi airenilv given above (sec i. 41-44) 
to he 2“ 1!J® 40'; his true lielioi-eiitrir. hiiigitiitie, employed as a datum in 
the fourth process (see p. 2l<)), is 3* 1® O'; Jupiter's heliocentric dis¬ 
tance from the nolle i", iicconlingly, j 1® Sfi'. Or, by the Hindu method, 
the planet’s true geocentrii- is .‘1" 4® J T, and the corrected loiigi- 
"^ide i>f its node is 2” 22® the distanee remains as before, 11® 26'. 


l:i the case of tlie iiifi-rior plain-l-, as tlm assumptions of the Hindus 
respeeting them Aven; farther ri-iiinveil from the truth cf nature, so their 
lucihoil of iiniliiig tin* distance rrmn the node is more ariutrarv and lesa 
accurate. In their svsti'iii the lii-iii<i-i>iitric ]iosition rtf the jtlaiiet is rep- 
iVH'iited by the plai-c nf it> r-iiujiiiii-tioii {['irthra\ and they had, as is 
shown abitv-' (m'c ii. «'). iciDirrii/cil the I'act liiat it was the distance of 
the latter from the node whieli •lei.i-rmiin ii tin* anioniit of deviation from 
the ecliptic. Nrot. in ,a>t-iMtainiii:; the lii-liucciitrii' ilistance of an infe¬ 
rior plaiu-t fruiii Its ll•l■ll•. jil[i>waii«-«' iicfii^ to In- made, of c.onrho, for the 

eftect iijMiii its portion (if the ..cntricity of its ■uliii. Puit the Hindu 

e(|Uation of the ;i|*''i'> i- no true i-i'jir« seii'alivc t^f this effect: it k calcn- 
latcd ill oril<‘r to i>i- ;i|i|ilii-'| to llii' mean ]i!arc of the suii, the a.ssumed 
cciitie of the i-. of tin* tiiic orbit ■ its value, as found, is 

gct-i'fiitrii', aial. as :i|i|ii',i!^ by the table i>u ]». 22u, is widely ditferont 
from its iii-lioeeiitrii- \al'.ii-: :ti>d its si>^n i> |ilu> or minus aceonling as 
its iiiflueiiee is t'l cari-v r!ie jiiaiict. m'CM from tlic i-arth, enstwara or 
we?»twaril; while, in eiilnT ea-e, tin* true helioccmri*’ i-ffect may be at 
one time to bring the )il:tiiel iieaivr to. at another time to carry it farther 
from, tiu; nolle. The Hindu-, however, overlooking these incongruities, 
and luiAing, a]>p:irciitl\, no ilistiiiet view-.- of the subicet to guide them 
to a •■orreeicr inetlioil, follow with regard to Vr-iiu:. and Mercury vrh.at 
soems to tlieiu the same rule as was employed in the ease of the other 
planets—liiey apply tin- ei|\iaiiou of the apsi.-, the result of the third 
proees.s, to the mean plaee of the eoiijiiiietioii: only here, as hetbre, by 
ail iinlireet proi-cfs: instead of ap|>lyiiig it to the eonjiinc.iion they 
apply it with a contrary sign to tlie. node, the- etfeci upon the relative 
position of the two being the same. 

Thus for iiiMaiiee. tin- loiigiiiiile of Mcrci’ry'.s conjunction at the 
given time is (see ]i. 2141 4^ l<i® oT'; from thissibtract 2' i\ the equar 
tion of the apsis feiiiiil by the third proce.-s am its equated longitude 
iri -I* 14® .'uV: now dedueting the longitude of the ncalc at tho same 
time, which is 2 i»® 11', we ascertain the planet’s distance from tlyj node 
to be 9* 24® 14'. (>r. by (he Iliinhi method, aild the Siime equation to 
the mean position of the node, and its equated longitude is 22® 43'; 
subtract this from tho mean longitude of tho conjunction, and the dis- 
. jtance is, M before, 3* 24® 14'. 
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rlkltiit pUnet's distance from the node being determined, its latitndei 
iipuld be found by a process similar to that prescribed in verse 26 of 
tibia chapter, if the earth wore at the centre of motion; and tiiat rule ia 
accordingly applied in the case of the moon; tlie proportion being, as 
tadioa is to the sine of the distance from the node, so is the sine on ex- 
ti^e latitude (or the latitude itself, the dilTurcncc between the sine and 
the arc being of little account when Uie arc is so small) to the latitude 
ft the given point. In the case of the other planets, however, this pro¬ 
portion ia inoiliticd by cuinhiiiatioii with another, iiaiiicly: as the last 
Tariable hrpothoniisc {aila karna), which is the line drawn from the 
earth to the finally dotennined plai'e of tin* planet, or its true distance, 
is to radius, its mean distance, so is its apparent hilitudn at the mean 
distance to its apparent latitude at its true distance. That is, with 

K : sin nod. (list.:: oxtreinc hit,: :irtual lat. at dist. R 
combining var. hyp: U :: hit. at dist. 11: lal. at true dist. 

we have var. hy]>: sin nod.ilist.:: oxtronie lat.: aetuiil lat. at true dist. 
which, tnmed into an e(|uation, is the rule in the latter half of v. 57. 

The latitude, as thus found, is incasiired, of course, upon a secondarv 
to the ecliptic. By the ruh- in verse uS, however, it is treated as if 
manured upon a circle of deelination, ainl is, without inoiliflcation, 
added to or subtracted fnnn the ilcclinatiuii, aceonliiig as the direction 
df thatwo is the same or liiiTennit. Tlie iroiiiiiUMiUiiy takes note of this 
er^or, bnt explains it, as iii oiher similar eases, ns ticiiig, “ for fear of 

ra men trouble, and on account of the very slijrht inaccuracy, over- 
by the blessed Sun, inove-i nith conipas.-i<iii." 
rWe present in the annexed table the resulrs of the ]iroci-$sr s forealcn- 
lating the latitude, the declination, Hinl the true ilceliuntion as nllccted 
W. latitude, of all thepliHicts. at the time for which their longitude has 
awPady been found. The dcelinntion is calcnhited by the rule in verse 
28 of tbn chapter, the precession at the given riint' being, as found 
under verses 9-12 of the next chapter, 20® 24' 39". I'jion the line for 
the sun in the table are given tin; results of the proces-: for cnleiilating 
hia declination, the equinox itself being accountcil hs a “ noilo'^: it is, in 
fbe^ atyled, in modern Hindu .‘istrononiy, krauHjjfia^ " hckIc of duclina- 
Uon^’* although that term docs not ci-cnr in thih trcati^c. 

Rnulh of Uu Proeeu for findvuf Ihr LaUUole anti Declinalton of the 

Planets. 
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, dWfhai^ jnow idile toomnpva the Hindu determinations of the tnis 
fiTiii mntirrr ,oC the planets with their actual poaitions and metieUi 
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M obtained by modern scionco. The compariaon h iiiado In tbe annei^ 
table. An the longitudes given by the Sdrya-Siddh&nta contain a eon* 
itant error cX 2° 20', owing to the incorrect rate of precearitfiMopted 
b^ the treatise, and tlie false position thence assigned to the eamnox, we 

S VC, under the head of longitude, the distance of each planet both fiom 
e Hindu c^fiiinox, and from the true vernal equinox of Jan. 1, 1860. 
The Hindu daiily motions arc reduced from longitude to right ascension 
by the rule given in the iu:xt.foliowing verse (r. 59j. The modern data 
are taken from the Aincrii-au Nautical Almanac. 


Trv9 Placn and Motion* of (he Planets^ Jan. 1800, midnight, at 
Washington, according to the Hiirya-SiddhAnta and to Modem Seienee, 


PIsnst 


'I'ruB Longitude. 
Surys Siddliuiiin: 


Declination. 


'Hindu rq.l true t-q. ' 


Moderns. 


Daily notion 
in Right Asceniion. 



The proper subject of the second chapter, the determination of Hie 
true places of the plaiiet.s, being thus brought to a close, we should ex¬ 
pect to sec the chapter cuncluded here, and the other matters which it 
contains put off to that which follows, iu which they would seem more 
properly to belong. The treatise, however, is nowhere distinguished fer 
ita orderly and cuu.sistent arrangement. 


59- Multiply the dail^ motiQu gf u planet bj the tioM oi 
rising of the sign in which it is, and divide by cigbtccji^ua* 
dred; the quotient add to, or subtract from, the number of rQe||i« 
rations in a revolution: the reeult is tUe.number of reipintim 
in the day and night of that planet. 


In the first half of this verse is taught the method of 6nding the ia- 
crement or decrement of right aacensiun corresponding to the incremeal 
or decrement of longitude made by any planet during one day. For Ae 
“time of rising" {tidagaprSnas^ or, more commonly, vdagdiapot, IHer* 
ally “ respirations of rising") of the diflerent signs, or the time ia reiq^ 
rations (see i. 11), oconpiod by the successive signs of tiie eclipllq^ 
pauing the meridian—or, at the equator, in rising, above the 
see verses 42-44 of the next chapter. The statement upon which Hhi 
rale is founded is as follows: if the given sign, containing 1800' ot IM 
(ea^ minute of arc corresponding, as remarked above, under i. H-ll^ 
to a respiration of sidereal time), occupies the stated number of resphaf^ 
tione in passing the meridian, what number of reapirationa inll be ooea- 
pied by the are traversed by the planet on a given day t Thw icahh 
gbrea jthn amouiit by whidi the day of. eaeh .gla&ati raekoaod-ia'tim- 
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Stirya-SuWidnlaf [ii. 6^ 

•tMinDer of thin Siddh&ntay or from traiiHii to tranmt across the inferior 
meridian, dilfers from a Midcreal day: the ditferenee is additive when tlic 
.motion of the planet is direct; subtrnetivc, M'hen this is retrograde. 

Thus,'to tind the length of the sun's day, or the interval between two 
suocessire apparent transits, at the time fur whiuh his true longitude and 
rate of motion have ulready been ascertained. The sun's longitude, as 
corrected by the procession, is in* 4U'; he is accordingly in the tenth 
sign, of which the time of risiin; {vduvamifaf)^ or the equivalent in right 
ascension, is Uis rate of daily motion in longitude is 01'20". 

Hence the piN.)porlion 

i 8 i> 19 J : f>i' ?tV' : 

shows that his dav difl'ers fr un • Irm- ••iilcrcal ihiv hv 11'" fJP.Oi. As 
his motion is direct, the dilfcrcucc is mlditixc : the length <if the appar¬ 
ent day is therefore CO" 1(ii’.lM, which is ei|uiv;ileiir to 24** 0"' 27“.5, 
mean solar lime. According to llic Nautical Almanac, it is 24** 0>" 28*.fl. 
By a similar process, the length i>f .liipitcr's day :i( the sime time is 
found to be 59" 58'’ 4P, «»r 2;J*‘ 55' ‘ ;Ui".8; by the Naiiticul Almanac, it 
is 23»« 35« .10*. 

60. Calculate the sine and versed sine of declination: then 
radius, diminished by the versed-sine, is the dav-radius: it is 
either south or north. 

The quantities iiiodu use of, and the proccsMvs prc'icribed, in this and 
/jthe following verses, may be v.vplained am' illustralud bv iiieaus of the 
annexed figure (Fig. 8b 

Let the uirule ZSZ'N rcpre^uiil thu uieiidiaii of a given place, C 

bi-ing the centre, the 
place, of the observer, 
S N the M-ctioii of the 
plane of his horizon— 
S being the south, and 
N the north jioint—Z 
mill Z' the zeiiiih and 
it.>4 op])ositu point, 
the iiiulir, 1* and 1" 
the north and .south 
poles, and K and K' 
the points on the me¬ 
ridian cut by the 
equator, lait BDle 
tlic deelimitioii of a 
planet at agiven time; 
then DIV will Iw the 
diameter of the eircle 
of diurnal re\ohitii>ii 
described by tliu 
planet, and liD the 
radius of that circle : 
B D is the line which 
‘Hit is called Uie ^day-radih*.'* Draw DF perpendicular to EC: 






2Vanf 2a(ibii and Notes. 




then it it efident that BD it eqnal to E C diminulied 1)j £F, ultidii bl 
the venod tine of ED, tho deciinatiofi. 

For “r^int” we have hitherto had only the term frryyd (or its eq^niv- 
alenta, trijivA, tribhajtyA, iribhajt/A, iribham&iiruikA)^ literally “ the tine 
of diroe simit,” that it, of 00^ Ihat term, however, it aralicable only 
to the radius of a great circle, or to tabular radius, tn this yeree^- 
accordingly, we have for “day-ra<lius” the worfl dinavydsada/a, “half- 
diameter of the dayand other expressions syiionymnns with tbit are 
found used iiistear) of it in otlier passages. A more frequent name for 
tlie same qiuintity in iiicalurn Jliiidu astiYiiiorny is dyvjyd, “dav-hine:” 
this, although employed hv the cumincntary, is not found anywhere in 
.^UT text. 

It is a matter for surprise that we do iu>t find the day-f^ius declared 
equal simply to the cosine of (leclination. * . 

Tn iiliistr.atii>n of the rule, it will he sutlieiont to find the radius of the 
diurnal idrele rlescrihod hy tlic sun at the time for which his place has 
been determined. His dccliuiitioii. I%r/ {Fig. S) was found to be 23'* 41': 
of this the versetl sine, E F, is, by the table given above Hi. 22-27), 
200': the liillcrciu'e bctHeiMi this and raiiius K(', or 3438 , is 3148', 
which is the vainc of CF or bd, the day-radius. The declination in 
this ease being south, the ■ lay-rail ins is al.so south of the equator. 


61. Mnllinly tin' sine of (h clin.'iliim by tlio ei[ninoctial abadow, 
and dividi! W twelve; the rr.siilt i.s the eartli-sine (A'sAzVyjjrd); 
this, multiplied by radius ami divided l)y Ibc day-radius, give8 
the sine of tlic ii.si-eiisiimal dilVercuee {cam): the number of 
respiration!} due to tlie asi'cnsiunal diiTerence 

o2. Is shown by tlie i-orrespoiiding arc. Add these to, and 
subtract tla.'in from, the foartb part of the correspoadin^lP" 
and night, and ibc sum and I’emaiuder are, .when ^ ^ 

north, the hall'-dav and half-night; 

63. When declination is south, tho reverse; thiBSK 
by two, are the day and the night Tho daj and UM. 

' tl^e a.sterisins (Mo)'may be found in like manner, 
their declination, increased or diminished by their 

Wc wore taughl in verse 50 how to find the lengA ofy 
of a planet at any given time; this passage mvea'-ila 
ascertaining the length of its day and of its ni^it, or of tli^ ' 
day during wiiieh the planet is aiwve, and that dur^g.w^ 
the horizon. « ' 

lu order to this, it is necessary, to aaCcrtai|t for the 
^ its Bsceiisioniil ditfbrcncc (esni)^ or the diSimnei 
oblique ascension, tho amount of-which varies^if 
the plauct and the latitude of the ojfisemr. 
is statfd in verse 01: it may bo 
(Rg. 8). ■ First, tin* value of the: line / ^ ‘ 

tid(B” (l;a&ift»(i), is found* ^ 

GBE, which are similar, einifo 
equal to the latitude of tlie observer, j 
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itrUui|^0 at whtdi-iA ffUDDum of twelve digiti ii tbe '' 

diQI^'iiidjitt eonboctiar^ikuidow, cast when the nm is in 1(he eqnvltip' 
^o'lnerioiMi (see Ae eext eheptai^ vene (T, alfy ')^-9 thv hdii« 
"'**m)Be the proportion EH: HC:: BC: AB is eqnijalent'^nco BC 
t'lDF, the sine of decUnatioii—to gnom. ded.: 

l-eine. Bat the are of wtnch A B is sine is the sa^ 'pwt of tha^^’'* 
le Of dinrnal revolution as the ascensional dilFerenoe is of the eqtia> 
tee;' hence the redaction of A B to the dimensions of a gredt circH, by 
' the proportion BD:AB::CE:CG, gives the value of C 6, the sine 
of the ascensional difference. The corresponding arc is the measure in 
t^e of the amount by which the part of the diiirnd circle intercepted 
' between the meridian and the horison differs from a qnadranty or 1^> 

*' wUeh the tiaO between sun-rise or sun-set and noon or midnight diffoBi 
A qnartCTof the day. 

illustration of the process, we will calculate tlic respective length 
^’jihe san*s day and night at Washington at the time for which our . 
{ttefioas calculations have been made. 

'i%e latitude of Washington Itcing 38** 54', the length of the equi- 
B^hd shadow cast there by a gnuiiion twelve digits long is found, by 
. tbo rule given below (iii. 17), to be 9^.88. The sine, d F or 6 C, of the 
dedination at tlie given time, 23* 41' S, is 1380'. Bench the 
pkogrortion 

13 :9 l 88: ; i33o: iii3 

.'jfOTea us the value of tbe earth-sine, a A, as 1113'. 'Tliis is reduced to 
■«'dimensions of a great circle by the proportion 

3i48 : 3438:; 11 11: I3i6 

The value of C.o; the sine of ascensional difference, is therefore 1218': 
the corresponding arc is 20* 44', or 1*244', which, as a minute of ant 
equals a respiration of time, is equivalent to 3" 27^ 2 p. The total 
the day was found above (under v. 50) to be 60" 11*; in- 
and diminish the quarter of this by the ascensional difference, 
ijjjd'jouhle the sum and remainder, and the length of the night is found 
0* IP, and that of the day 23" 10' 5 p, which are equivalent 
iwmci^Tely to 14^ 45"' 36”.6 and 0" 14'" 48".0, mean solar Jme. 

eonrse, the respective parts of a sidereal day during which each 
of the lunar mansions, as represented hy its principal star, will remain 
re Bud below the liorison of a given latitude, may be found in the 
• manner, if the declination of the star is known; and this is stated 
M diapj^ (cfa. viii) which treats of the asterisms. 

^ m called ktAiliJyA is not easy to see. One is tempted 
ffitaud the term as meaning rather "sine of donation'* thaii ■ 
^sarifiniu^" the original significatioii of kahUi being "abode, 
doneeit might then indicate a sine which, for a given declination, < 
’f' JWficj.i^h lha oilpiation of the observer. But tliat kakui in this eem- 
•is to hetolDeii in its other acceptation, of "earth;” k at least 
indicated^'by tha -other and more nsual name of the idneih 
ka^A, which ia used by the comroent^, althoii^i not III t^' 
/Which can only meM." aaith>aine;” • The word earo, usod-'^ 

Bunonal dtfeMne^ maHia ahttply^ variable” bawl 
, saWnHifa, **rariabl0 ia4oldy 
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S^iuZatum and JVbiev. 


M&iilintljr ruyinjs amoaiit ^ irhieli tbp ipMivak dsf iMi* 


ifN# tiift 



ij^ruXond day aad night of ono^hwtbeirb^ diyoKeK'-Tlih 
^h^jnpiSiioctial thadow,ete^ ire toartod. of ia thatiittt rhtptati 

. ^ ^ha (Jihogai oftan asteirism, (hAo) is 

lunar day in like manner, seven 
"^HAd.Jwimty. If the longitude of a planet, in minat^,be aivuM 
^ the poition of an asterism, the result is its position in aster* 
isms: by means of the daily motion are found the days, ete^ 

The ecliptic is divided (see ch. viii) into 27 Innar mansions or sste^ 
ns, of equal amount; hence the portion of the ecliptic occupied 1^ 
eh asterism is 13° 20', or 800'. In order to find, accordiii^y«.'||^''s 
iich ahtcriun, at a given time, the moon or any other of the 
is, we have only to reduce its longitude, not corrected by the iiirrni^hli^ 
to minutes, and divide by 800: the quotient is the number of asterisB^O 
traversed, and the remainder the part traversed of the astensm in winw' 
the planet is. The last clause of the verse is very elliptical and ohacnnlf 
according to the commentar}', it is to be understood thus: divi(||p by Ihe 
planet's true daily motion the part pa«t and the part to c<Mi^ ^ tiiw. 
current iuteristn, and the quotients are the days and fractions of S 4m, 
s^ich the planet has passed, and is to pass, in that asterism. This 
terpretatiuii is supjiorted by the analogy of the following verses, anff la 
doubtless correct. 

The tnie longitude of the iikxui was found above (under r. 39) to W ^ 
11* li° 39', or 20,859'. Dividing by 800, we find that, at the given 
time, the muon is in the 27th, or last, asterism, named RevaU, of which 
it has traversed 59', ami has 741'still to pass over. Its dailj motion 
being 737', it has spent 28^ 4^, and has rot to continue 1** 0" 19° 8i*, in 
the asterism. 

The latter part of this process proceeds upon the assumption that the 
planet’s rate of motion remains the same during its whole continuniee 
in the asterism. A siniilar assuioptioii, it will be noticed, is made n iM , 
the processes from verse 59 onward; its inaccuracy is greatert^^ COdtae, 
where the moon’s motion is ronccriicd. 

Respecting the lunar day {tithi) sec below, under verse 96, 

€5. From the number of minutes in the sura of the longitodte 
of the sun and moon are found the yogasj lyr dividing tbit a/dm 
tho portion (bho-ja) of an asterism. Multiply the 
past anu to come of the current yoga by sixty, and divMhrW 
the sum of the daily motions of the two planets: the MMit ii 
^ time in nadls. . 

liniat the yoga is, h evident from this rale for fiadii^ jg -Hipi, 
period, of varallo length, daring wliicsh the joint motion in lenglHw^ 
the aun and moon amonnls to 13° 20', the portion oC a Inaar 
ikeiduig to Celqbrooke (As. Res., is. 385 ; Bisays, iu 31^ I 
iitif tba yogss is hhiefly astrologicid; the oe cu rr en ee ofcertaln 
htelMrw ^ however, abo r^ated by them,, and ibqr aro ae 
leietl^ eMqfdqyed that Hipda 







JS^rya-S^dtSidniOi, 


g tte for ench day, lyitli the 
MB 'df ni'e twenty-Bore^ yogas-are as 

f. VhibkHnbha. lo. 


r time of its termbilticdi^ 
ifoUows;' 


II. Vfddhi. 


. ■ a. Priti. II. Vrddhi,^ ' ao. 

3. Ayushmsnt ' la. DhruvaT ai. Qddha. 

4 . SBubh&gya il VydghAta. aa. Sfi^yii. 

5. (!ublisns. 14 . Hanhsiio. a3, (hibhs. 

& Atigs^da. i5. Vnjra. a4. Qufcla. 

7. Sukarmso. 16. Siddlii. aS. Brahman. 

A DhrlL 17. Vynti|v'itn. a6. India. 

9 l 9uhk 18. Vuriyoa. 37. VAidhrti. 

^^ij{i9|Piere is also in use in India (sfc ("olchrnoko, as alwve) another 
Igat ^in of yogas, twonty-fight in Tiiiinlior,«hiiviiig for the most part ■ 
Hferent nanifs from these, and govcniod by tillier nilcs in their succea- 
ll^. Of this system the •Surva-Siddh&iitu presents no trace. 

'We will find the time in yoga.s I'orrospuiidiiig tu that for which the 
previous calculatioitK have been in-ide. 

The longitude of the im^oii at that time is 11'* 17^ that of tlic 
«un is 8* 18° 13'; their sniii is H* 3° 31', or l-t,T34'. Dividing by 800, ’ 
wo find that eighteen yogas of tin: series aix< past, and that the current 
one is tlie nineteenth, I'arigha, of which .'{.It' arc past, ntid 446'to 
come. To ascertain tlii' lime at nliii-h the current yoga began and that^ 
at which it is to cml, we divide, these part^ rfspeelively by lOH'i, the 
.l|uro of ilie daily niotions of tlie >1111 iiuinn at the given time, and 
'lOililtiply by 60 to reihiee thc> n'Milis to midis: and we find that I’arigha 
'{M^an 26” SO'' before, and will end 83” .'ll)'' 4)* afli'r the given time. 

name yoyw. by which a-sti-ological perioil is called, is apjilied ‘ 
>|fo it, apparently, as designating the. period ilnring wiiich the‘’sum 
of the iiicreineiils in longitude of the sun ;inil moon amounts to a 
mvn quantity. It seems an entirely :irliitrar\ dc-viee of the .*istn>Iogera, 
«Pbg neither a natural period nor a subdivision of one, not being of 
use that wo can di.s(‘over in deteriiiiiiing the r<iati\o position, or 
.aspect, of tlie. two planets with which il deals, nor li;iviiig any assignable 
■j^atjl^io the asterisiiis, with which il i.s attciiipled to be brought into 
jaMrtjWlaon. Were there tliirty yogas, ir.atead of Lwenty-scvcn|.-the 
Bccm an artiHcial connterpurt 10 the lunar dpy, whicjNSi^la 
^U^^bject of the next verse; being derived fixmi the sum, as the otj^er ' 
difi'ercnce, of tiic longitudes of tlie sun ami moon. 

From the number of minutes in llin longitude of the moon 
ISUiwSeishcd by that of tho sun are found the lunar days (fdAi*), . 
'Ilj dlfiding the difference by the portion {hho(/a) of a lunar day. 






xty, and divide by the difference of the daily i^lptions of. 
wo planets; the result is the time in nSdis. 

or lunar day, is (tiec i. 13) one thirtij^^ of a lunar i^pflK > 
4he time during which die moon gaiiu in l<£%itttde upon, . 

Itole revolution, or 360^: it ia, therefiwe, th.e peri^^urlMr whidl 
'^ipEwauce of the increment of longitude 


Ihmslathn and Noia. 
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. .td.l8|. t>T ■?2(K, ^liich arc, u stated in venj^ 04, is its p<^nn {bhoij^^ ' 
To’|^-tb^dt^^nt,Manar tlay, we divide W tbb amount ^ whole f 
cess if: of th^, moon over that ol the sitn ai the gin .. 

time;, and tigP'^d the part past and to come of the current day, we con* 
vert long^udc ipto Uinu in a tiianiier analugouH to that employed in the 
case of y<^ 

Thus, to find Uie date in lunar time of the midnight preceding the 
first of January, 1860, wo first deduct the longitndu of the sun fiom that 
of the moon; the reiiiaindcr is 2* 29° 24', or 53G4': dividing by 720, 

' it appears that the ciiircnt lunar day is the eighth, and that 324' of its 
portion arc travcrse«I, leaving 396' to he traversed. Multiplying these 
numbers respectively by 60, and ilividitig hy 670' 38", the difference of ^ 
the daily motions at the time, we find that 28” 46^ 2i' liavc passed aii<|a * 
the Iteginiiing of the lunar day, and that it ttill has 33” 10* 8P to tunj^ 

The lunar days have, for the iiiosit pail, no distinetive names, UlwP 
those of each half lUDiith {fmkHha —tteu above, under i. 48-61) 
called first, seeoiid, third, foiirtli, eU-., up to fourtccntli. The last, or 
fifteenth, of earh half has, however, a special apfwllatidn: tliat which 
ccneludcs the first, the light halti ending at the inoiiient ur^opposition, 
is called p&arnamAii, piirniiuii, phewnun, 'May of full moon;” that 
which closes tlic month, and ends with the coiijiinetioir of tjie two 
plaiieta, is styled amAt'Afita, “the day of tlwellirig tocrether.” 

Each lunar day i»> farther divideif into two tinlves, called Aarofm, as 
appears from the next following passage. 

67. The fixed {dltnu a) htruhns, namely cakvni^ ndga^ ■ 

pada the thfnl, and l.'nsrMffhna, an* counted from the latter half, 
of the fourteenth day of the dark hiilf-month. 

68. After these, the karai.Las called movable (cam), namel^^ 
bava, etc., seven of them: each of these karaua.s occurs eight 
times in a month. 

69. Half the portion {Ihuga) of a lunar day is established ^ 
that of the karattas .... 

Of the eleven karanatt, finir occur only once in the lunar month, 
while the other seven arc repeated each of them eight times to fill out 
ti&'c reni.tinder of the month. Their names, and the miuibers of the 
half lunar days to which each is applied, are presented below: 


I. Kmatogfann. 
a. Bava 
3. BAlava. 
4•^£lulava. 

5. TAiUIa. 

6u Ganv 
7- Bouij. 
Visb^ 
9»tainL 



ISt. 

and, 9th, 
3rd, lolh, 
4th, iilh, 
Stii, lath, 
6th, i3tli, 
7Ui, i4tb, 
8th, iStb, 
58th. 

59th. 

6o4h. 


16th, a3rd, 3oth, 37ih, 
i7lh, a4th, 31st, 38'li, 
iSlh, aStli, 3md, 39tli 
i9lh, 36th, 33nl, 4oth, 
aoth, a7th, 34ih, 41st, 
aiat, aStb, 35tli, 4and, 
aand,'a9th, 36th, 43rd, 


44th, 5ist 
45th, Sand. 
46th, 53n]. 
47th, 54th. 
48th, 55tb. 
49II1, 56tli. 
Sotli, 57th. 





S&rya-Siddhdnta^ 


[«. OiN’.' 


'llpet .of time iiamea are rery obacun^ Uie loit three "bawlE,* 
^■eipont,*' ao4 ** quiulni]^:” Kaara^ itiielf is, derivationj 

eao^ :** in wLnt sense it is applied to. denote uene ^iyWill^f W 
iWQfnih, vre do not know. Nor liarc we found anywhere aaireitpimtion 
of the value ami use of the karanas in Hindu astronomy or'astrblo^. 

The time which wo have had in view in our otlier cakinlations beinff^ 
aa is shown under the preuedins passage, in the first half of the eighto 
Innar day, is, of course, jn the mteentli karana, which is named Viuti. - 

The remaining half-verse is simply a winding-up of the chapter. 

69.Thus has lieeu clcclured the corrected (spAufa) mo* 

tion of the sun and the other planets. 


;^'The following chapter is styled tlie “chapter of tiie. three inquiries” 
‘^Irij^ptddkikdrti). Aeconliiig ti^ tiie coninientary, this means that it 
n intended by the teacher ns a reply to his pupil’s intjuiries respecting' 
tilft three subjects of dircuti«>n (d/y), ])ltif‘e (d^’ya), and time (kdto). 


C11AI*TP:R III. 


OF DlHEtTION, PI.ACE, .\Xl) TIME. « 

CosTBsm:—l-O, construction nf the dial, and description of its parts; 7, ths 
.measure of amplitude8, nf the gnomon, iiyputhciiiisc, and sliaclow, anjtira 
being given, to find the third; 9-1S, precession of the equi^oaes; ltt-18, the 
equinoctial shadow; 1S-14, to find, from the equinoctial shadow, the latitude and 
co-latitude; li-17, the sun's declination being known, to And, from a given 
diadtiw at noon, his Knith-distaucc, the latitude, and its sine and coMine; 17, lati¬ 
tude being given, to find the equinoctial shadow; 17-20, to find, from the lati¬ 
tude and the sun’s zenith-distance at nrsm, his declination and liia true and mean 
,.^;'liifigitude-, 20-22, latitude and dcclinaiion being given, to find the noon-shadow 
and hypotbenuse; 22-23, from the sun's declination and the rquinortial shadow, 

■ to find the measure of amplitude ; 23-23. tik find, from the ecjuinoctiol shadow 
l-aiid the measure of amplitude at any given time, the base of the shadow; 26-27, 
to find the bypothenuse of the shadow when tho sun is upon the prime vertScal; 
fi7-^8, the sun’s declination and the latitude being given, to find the sine and the 
xneoaura of amplitude ; 28-33, to fiisl the sines of the Altitude and aenith-distanoe 
ef^die eun, when upon the south-east and south-west vertical circles; 33-84, to 
the corresponding shadow and hyputhenuse; 84-36, the sun’s ascoaMonal dtf- 
' Ceitnee end tho hour-angle fwing given, to find the sines of his altitude and lenifiP’ 
distaooe,gn<l the ccirresiKinding shadow and hypothenuae; 87-39, to find, tqr'n 
eon^i nr y process, from Ute shadow of a given time, the sun'ipltituda and lenitli- 
.djstpnea, and the Imur-angle ; 40-41, the latitude and the aun’a amplitude being 
•liipDWo, to find bis declination and true hmiritvde; 41-42, to draw the path «to 
• by the extremity of tho shadow; 48-46, to find the ares of right and 

' .omitip' aacemion eorreaponding to the several aigna of tho odiptic; 
^&pifaliiin|^de and the tfano being known, to find the point fif iJto adiptie which 
Wm WPW the. horieoa-, 49, the enn'e loogitiide and the bonr-anglo betng I fCEg^ Ip 
Iha goiot of tha adiptie whieb fa upon (he *Hf**’******lfr' 

‘ oftimotomeanaortheaadotiL ^ 






ill 5.1 Tramh^ and Koks. 

. ‘ f 

1, Oil a irtoay eurfiice, made waterdare], or uj^n hi^ plaater, 
xnide^eveli there draw an even circle, of a ramus ^nal to any 
reduiM number of the digits (nnyu2a) of the ^ombn (^aniu). 

. 2. Avlte centre set up the gnomon, of twelve digits of tlm 
measure ilz^ upon; and where the extremity of its shadow 
touches the circle in the former and after parts of the day, 

5. There fixing two points upon the circle, and calling them 
the forenoon and afternoon points, draw midway between them, 
by means of a fish-figure (n'mi), a north and south line. 

4. Midway between the north and south directions draw, by 
a fidi-figure, an east and west line: and in like manner also, tjr 
fish'figures [Tnatsya) between the four cardinal directions, ^nfiW- 
the intermediate directions. 

6. Draw a circumscribing square, by means of the lines going 
out from the centre; by the digits of its base-line (bhigasiUr^ 
projected upon that is any given sliadow reckoned. 

In thist passage is described the nic-tborl of cruiKtnu'tioii of the Hindu 
dial, if that can properly be called a dial which is without jioiir-linea, 
and does not give the time by simple inspection. It as W'iii be at 
once remarked, a horizontal dial of the simplest character, with a verti- 
' cal gnomon, lliis gnomon, wliatevcr may be the length chosen ibr it, 

U regarded as divided into twelve c({nai parts eallra digits {anguht 
"finger”). The ordinary digit is one twelfth <if a span (vitas/i)^ orotie 
twenty-fourth of a cubit (/lasla): if made according to this meaaiire, 
then, Uie gnoniun would he about nine inches long. Doubtless the first 
gnomons were of such a length, and the rules of the giiomonic scfence 
were coiistriictcd occonlingly, ‘Mwelvc” hikI “the gnomon” being used, 
as they are used eveiywlicre, in this treatise, as coiivcilible terms: thus 
twelve digits becanie the unvarying conventional length of the staff, and 
all mGaaiircments of the shallow and its hvfiotliemise were made to cor- 
reapond. How the digit was subdivided, wc liavc nowhere any hint. 
In determining the direotion.% the same mctliod was emplored which is 
still in use; iiainely, that of marking the points at which the extremi^ 
of the shadow, before and after noon, crosses a circle described abont 
the base of the gnomon; these points being, if wc suppose the aun’a 
declination to have remained the same during the interval, at an equal 
diatance upon either side from the meridian line. In order to bisect the 
line joining Uicsc |M>ints by another at right angles to it, which wilhhb., 
the meridian, tlic Hindus draw the figure which is called here the "fiah” 
or timi ); that is to say, from the two extremities of tiie line in 
question as eunt^ and with a radius equal to t ie line itself t/.*' 
QKles are described, cutting one anotlier in two points. The lentioithtr 
figure formed by the two ait's is the “ fishthrough the ptmtWHDf 
mteribetion, which are' called (in the coinnirntary) Uie ** niioa&’%id 
" a line is drawn, which is the one required. The ra^idiav ^ 
thiM determined,ejut and west line, and those for the mlermedui^ 
points el directioiw, are laid down from it, by a repetition of the saiM 
p j j ww. ^ sqmroi)(|i|<«nur«, ^haying four oonen”) ia thw fiurther 
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fj^WTibed about Ibe genoil ccu1»^ or about a .drii^D about thal^ 
^ iputn^ tbe aastem and western sides fji which 'arc (tivided into digits; 
" .itjt use is, to aid in ascertaining tho “ba^” (bli^Vi) ^ 
which is the value of tlic latter when projected upon a not^ 
line (see below, w. 23->25); the‘square is drawn, as 6X]duh< 
ieomnieiitary, in order to insure tbe corrertness of the projection, by a 
,]iiie strictly parallel to tlio (mat and west line. 

The figure (Fig. B) ^ven below, under verse 7, will illustrate the form 
of tlie Hindu dial, as described in this passage. 

The term used for “gnomon” isyanbu, wWh means simply “sUff”. 
For the shadow, we have the common wonl cAdyd, “shadow,” and al^ 
ia many places, frahk& and 6Ad, which properly signify the vciy oppo* 
,of ^adow, namely “light, radiance it Ls diflicult to sec how they 
lid come to be used in this sense; so far as we are aware, they are 
led to no other shadow than tliat of the gnomon. 



The cost and west lino is called the prime vertical (mma- 
it is likewise denominated the east and west hour 
{^ma^ddUC^ and the equinoctial cirdc {vinhuvaumam^lu). 

' Tho line drap’n c.ist and west through the base of the gnomon may 
be'lwgaFdcd as the line of common intersection at that point of thrw 
great circles, as being a diameter to each of tho thiec, and as thus ciiti* 
tied to represent them all. These I'ircles are the ones which in tiic last 
^ P*' 88).<^.'^own projected in their diameters ZZ', 

centre C, in whicli the diameters intersect, is itself the' 

‘ of-the Kntf in question hero. ZZ' represents the prime verti- 
|||gi|^led Mmamandalof/literally ** erven circleF1*' is the 
Sif^Si^drcle of declinatHm, which passes through the east and 
w^the observer’s horiaon; it is calieil nnnuindala^ “iip-cJr- 
-t.'W ^ circle whi^di in the oblique sphere is ulevat^; 

tim eqnator^lwp the'name, of vUhuwtnniandula^ or vithwvad- 
-Ae e^noxes;” the equinoctial points themselves 
^IbNo^nltuiifced wAuvatf or vishuva, whi^ may he I'uiidcrcd “ point 
The same line of the dial might be regarded as 
lgi|tttative in 13Ee,manner of a fourth circle, that of the horizon 
J^b^eeted, in tlm figure, in SK: hence Uio coiumcntar}- adds 
three'; it is omitted in tho text, perhaps, bucausc it is 
ii0d ’by w whole circle drawn about the base of tliw gnomon, 
t not by tins diamcUir alone. 

roer^pecifications of this verse, especially of the latter half of it, are. 
■of little inraetical importance in the treatise, for there hardly arises 
' Jf;ase,'en ahy of its calculations^' in which tlie cast and west axis of tile 
liiahcoBMz'to be taken as standing for these circles, or any one of them. 
In drawing the base (bhuja) of the sliadow, indeed, it does represent the 
ptone of the piiiiie vortical (sec liclow, under 23-25); bat l^is ia 
■^^foC^istinctly stated, and the name of the prime vertical (tfairufmaj^to) 
eenra in enly one other passage (below, v. 20): the met and west hour* -.. 


JN 


rhe^|j|t 


the equator, 


e (sumandafo) is' nowhere T^errcd to imain; 
wttl be seen under the next verse, is properly repnssented on the 
not by iti eeet and west axis, but by tiuuune Qfj|^K’^llinootiat shaded,'' 
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* ■-.7. Draw likewise an east and weBt littrthi 
of ^ft/equinoctt^ aliadow (vishuuadbhd) ; the liiitieiTal between 
anv..i||^jhado# and" the line of the equinootiid’shadow ia de* 
nomSHirthe meafioie of amplitude (q^rd). 

Tlie equinoctial shadow is defined in a subsequent posao^ (ev. 18, 
13); it'is, as we have already had occasion to notice (under iL 
the shadow cast at mid-day when the sun is at either equinox—that il 
to say, when he is in the plane of the equator. Now as die equator is 
a eitcle of diurnal revolution, the line of intersection of its plane With 
that of the horizon will be an east and west line; and since it is abp a. 
groat circle, that line will pass through the centre, the place of ther'*' 
server: if, therefore, we draw through the extremity of the eqnit"'^ 
shadow a line parallel to the cast and west axis of the dial, it will 
sent the intersection with the dial of an equinoctial plane pa 
through the top of the gnoinon, and in it will teriuiimte tlie lines i 
through ’ that point from any point in the plane of the equator] 
hciice, it will also coincide with the path of the extremity of the sb'i^„ 
on the day of tlie cstiuiiiox. Thus,' let the following figure (Fig. 8)1^ 7 
resent the plane of the dial, X S and E W being its tw|paxcs, and i^'^e 
'base of the gnoinon: and let tlie shadow cast at noon when the 
upon the equator lie, 
in a given latitude, 
then fte ia the 
equinoctial sliadow, 
and QQ', drawn 
tlivongh e and paral¬ 
lel to EW, is the 
path of the Cf|uinor- 
tial shadow, being 
the line in u'liich a 
ray of the sun, from 
any point in the plane 
of the equator, pass¬ 
ing through the top 
of the gnomon, will 
meet the face of the 
<liaJ. In the figure 
ns given, the circle 

is supposed to bo described about the base of the gnomon with a*! 

-of forty digits, and the graduation of the eastern and wealMg8 aides 




rashmgton. 

It Ja not, however^on account of the coincidence of QQf wit 
path of the equinoctial.shallow that it is directed to bo pernp 
drawn upon the dial-face: its use is to det'Cnnine for any gfitasi^adiw 
its c^d, or msllbrc of ainplitiide. Thus, let^^fl,4d*,.frl', H 
shallows cfist by the gnomon, under various con^jiHinBa of tioio and d^ 
Hnntion : ,then the$^dl)itwce froyp the exuemity of each qC them to the 
.ai ' 13 
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'Untf of‘‘tibe eqninoctiBl shadow, or d r, d'i^ I rcspoctivclyi m 

^eoow to ited the c^rA of that shadow or of that time. 

A«>-‘0(lM-tenn we hare translated “measure of amplitn^^^^anie' 
it dees in fact represent the sine of tlic sun's amplitude—nii<firirahding 
by “amplitude'* the distance of the sun at rising or setting from the 
east or west point of the borison—varying with the hypothenuse of the 
ibadow, and always maintaining tn that hypothenuse the fixed ratio of 
-the sine of amplitude to nulius. That this is so, is assumed by the text 
in.its treatment of the ogrA^ but is nowhere distinctly’stated, nor is the 
eomnientator at the pains of dviiioiistrating the principle. Since, how- 
.tvMT, it is not an immediately obvious one, we will talce the liberty of 
giving the proof of it. 

; 'lit the annexed figure (Fig. 10) let C represunt the top of the guomou, 
K be any given position of tlie suii in the heavens, r'rom K 
KB' at right angles to the plane of the ]>riiiie veitieal, meeting that 

^ A; Fia. 10. 


'plane in fV, and let the point of its intersection with the plane of the 
equator be in H'. Join KG, P?C*, and i'v'C. Then ICC is ratlius, and 
E' K is eunal to the sine of the sun's amplitude: fVir if, in the sun's 
daily revolution, tlic K is biKiuglit to the horizon, K' !>' will disap- 
will liei-oinc- a right angle, K OB'will Iw the aniplitudfe, 
’^luWt'E'K its sine; but, with a given declination, the value of rc- 
'^ydaiiia always tiie sainc, sinc^.' it is a line drawn in a constant dmetion 
IdVtnttn two parallel planes ^hat. of tlic circle of declination and that of 
thwhquiitbr. Now rxiiieeive Ute tlircc lines intersecting in.C to be pro- 
duptfd unUl they meet tlie plane of the dial in 6', s', and k respectively; 
fh^ threh points will be in the same, straight line, being in the lino of 
, iqtenration writh the horizon of the. plane K U' C produced, and this 
^ linc^ 6'Jr, will be at right angles to B'i', since it is the line of iiiterseli^ 
;tion of two planes, each of which is at right angles to the plane of the 
'"^itte vertical, in which lifhf Hi's. K B' and khf are therefore parallel, 
and the triangles C E' K and C s' Jr are similar, and e'Jr:Oit::£'K:CK. 

' But C Jr is the hypothenuse of the shadow- at thf gi^cn time, and^Jr is 
or raeraure of amplitude, since s', by what was said al^ve, is 
tbe. line of the equinoctial shadow; therefore meas. ampl.: hyp. 

: sin ampl. rBL Hence, if the declination andile latitude, whiw 
tog^etber determine the sine of aiQplitnde, be given, measure^. 
amplltade will vary with, tlie hypothenuse of'- thfi shadow, and wl. 

i. 
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mWuittre of lunplitude of anv given shadow will be to tlirt of aiiT o^er, 

. as tho hypotheiiase of the former to that df*tfie InttStfS'' ;; ^ 

The^le^ving of the above figure is made to coirespoMdl^ aaneariy as 
maj uiat of the one preceding, and also with that'of tlliijooe 

given faielp, under verses 13 and 14, in either of which Ae relatioiia of 
the problem may be farther examined. «■ 

There are other methods of proving the constancy of the ratio bdfw 
by the measure of amplitude to the hypotheniise of the shadow, hot we 
have chosen to give the one which seemed to us most likdy to ber tluit 
by which the Hindus themselves deiluced it. Our demonstratiDn'-i[iki&. 
one respect only liable to objection as rupneenting a Hindu pre CB lli ' 
it is founded, liamely, upon the comparison of oblique-angled tris 
which elsewliern in this treatise are hardly employed at all. v 
although the Hindus had no methods of solving problems 
in right-angled trigonometry, it is hardly to be supposed that the 
fraincfl from deriving proportions troni the similarity of oblique*a 
triangles. The pritieiple in question admits of being proved by 
of right-angled triangles alone, but these would be situated iu dif 
planes. 

Why the line on the dial which thus measures the sun’s 
^called tho agrdj we have been unable thus for to disosyer^^v^ 
''af^inine adjective (belonging, probably, to rekh^ imi 

literally means extreme, first, chief.” Possibly it may bo in i. ^ 

connected with the use of antyd, “ final, loweit,” to dew^nito'.,l^”'1^ 
or EG (Pig. 8, p. 88): see below, under v.35. Theaiwoijr* 
tude itself, aC.or AC (J^g. 8), is called below (vv..27‘*aQ)j 




8. The square root of the sum of the squares of 

and shadow is the hypothenuso: if from the square of the fsmr 
the square of the gnomon be subtr.ocied, the square root of tho'i 
remainder is the shadow: the gnomon is founa by the oonvmie 
process. r . 

This is simply an application of the familiar rule, that in a ^ijl^t- 
angled triangle the Mpiare of tfio hypothenuse is equal to the sum of ' 
the Squares of the other two sides, to the triangle produced by.tha 
gnomon as perpendicular, the shadow as base, and the hypothenuaa of 
the shadow, the line drawn from the top of the gnomon to tho extrem¬ 
ity of the ifoadow, as hypuUieiinse. .' 

Iho subject ncx( considered is Uiat of tho precession of the eqoj|u;qi^ 

9. In an (^ 17 ^), the circle of the astcrisms (Jbha) 
hack easiwartf thirty score of revolutions. Of the result ot * 
taiined after multiplying the sum of days {dt tigaiia) by ,thi|44tWX 
ber, and dividing by the number of natural days in an 

Take the ^t which determines the sine, multiply^ iA;by 
thit^ and divide^ ten; Htus are found the degreesca&fxl*tli^ 
of the preccraon (ayana). From the longitude of a phmet^ 
oorreotM by fitese are to be calculated the declinatLon, shadj^, 
AJuraensionat^ldi^Brence {caradeda)^ etc. 

M- ' 
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circle, os thus corrected, accords with its observed 
plw^ at tlie solstice {fiydna) and at either equinox; it has moved 
^^tward, when the. lonmtude of the sun, as obtained bj calcu- 
;:^tioh, is less than that derived from the shadow, 

12. By the number of degrees of the difference; then, turning 
. back, it has moved westward by the amount of difference, when 
the calculated longitude is greater.... 

Nothing could well be more awkward aii<l eonfuKod than this mo<le of 
stating the important far.l of the precesKion of the equinoxes, of dc- 
aeribing its method and rate, and of direeting how ite amount at any 
time is to he found. The tluMn-y whieh the papsago, in its present form, 
is actually intended to put forth is os follows: the vernal equinox librates 
westward and eastward from the fixed point, near i; I'iKcinm, assiiined as 
tiie commencement of the sidereal sjiherc—the limits of the lihratory 
movement being 27° in eitlie.r direetion from that point, and the time 
Of* complete revolution of libratuni being the. six-hnndredih part- of 
the pcrioil called the Cireat Age (see above, imder i. I.')-!7), or 7200 
. years; so that the annual rate of motion of i)ic equinox is .'i4". We 
''■iriU examine with some rare the language in whieh this theory is eon- 
' vey^, as important results are lielicveil to be deducibic from it. 

, The first half of verse 9 professes to teach the fandainental fact of the 
' tfHotion in precession. 'L'he words bh&nam cakram, which we have ren- 
..dered “circle of the nstorisins,’' i. c., the fixed zodiar*, would admit of 
l^lping translated “ circle of the signs," i. e., the movable zoiliac, an 
ledconed from the actual equinox, since hha is used in«this treatise in 
either sense. But our interpretation i.s sliown to bo the correot one by 
the directions given in veiv.< l ] and 12, wliicli teach that when the siiirs 
^^cidculatcd longitude—whi<-h is his di.xt.ance from the initial point of the 
' fixed sphere—is less than that derived frimi tbc shadow by the process 
. tb he tenght below (vv. 17-19)—wliicli is his distance from the equinox 
-rthe circle has moved eastward, and the contrary; it is evident, then, 
the initial point of the sphere is rcganlcd as the movable point, 
the equinox ns the fixed one. Now this is no less strange than in- 
^bboristent witli the usage of tlie rest, of tin* trenli^-u. Klsewhcre t I'is- 
clojpi is treated as the one established limit, fn.io which all motion eom- 
ih^ced at the creation, untl by reicrencu to viliicti all motion isredEoned, 
while here it is mafle si-condurv to a jiuint of which the position among 
tberstara is constantly shifting, ami ivliiLli hardly has liij^er value tli^q 
anode, as whieh the Hindu astronomy in general treats it (see p. 86)^ 
•&e word nsed to express the motion (lambale) is the same with ^at; 
.^'blaployed in a former pa.ssagc (i. 25) to describe the eastward motion 
the planets, and derivatives of wliich (as tamha^ /amftana, etc.) are 
iiifireqnent in the astronomical language; it means literally to “ lag, hanjl 
rak», foil behindhero we have it farther combined with the p^z 

■ JMri, “about, routnl about,” which seems plainly to add the ide^i^ a 

■ t^plete revolution in the retrograde direction i^udicate^ by it, and we 

■ translated the line accordingly. Tliis veni^ racn^^ntains no liiut 
Jitratqry movement, but rather the dutingt atatemenjyrf a contia- 

nouB revolution. It should noticojy jM rtl|*r,a|fiiough ih 
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circiiiDRtRncc is one of lesR Bignificaiice, that the form in vhjcfr^e 
number of ruvolntions in stated, trinfatkrlycd, ** thirty tvrentiesy^as^'iib 
parallel in the usage of this Sirldh&nta elsewhere. ; 

We may also mention in this connection that Bh&skara, th0 great 
Hindu astronomer of the twelfth century, declares in his Sidtlhanta- 
Qiromani ((lol&dli., vi. 17) that the revolutions of the equinox are given 
% the Sftrya-Siddli4iitH .*is tliitly in an Age (sue Colebrooke, As. Res., 
xii. 209, etc.; Rssays, ii. 1)74, etc... for a full disuiission of this passage 
and its bearings); thus not only ignoring tin; theory of bbration,but 
giving a very ditfcreiit nninbur of revolutions from tlint presented by Our ' 
text. As regurds this latter pointy howvvor, the fliangu of a single fetter, 
in tlic modern reading (Mibstituting “ thirty times,” fof 

trinfalkrtffcui, “thirty twenties") would in.*iku it aecurd with Blikskarii’a 
statement. We. shall retiiru^aiii to this siibjeet. 

The number of rcvolutionljfof wh:itever kiiirl the\ may bo, being 600'. 
in an Agi;, the position at any given time of the initial point of 
sphere with reforenee. t<i the e(|\iino\ is found by a proportion, as followaf 
as the number of day.s in :in Age is to the iiuinber of revolutions in the 
same, period, so is the given “sum »if <hiys" (see jtltove. under i. 48-61) ' 
to the revohitii>Ms and jinrts of a revulution .lei-otnplished down to the 
given time. Tlius, let us fiiul, iii illuxtratioii of the process, the amouUt' 
of jirecessioii on the first of Jaiiu:irv. l8Cn. Siiu-e the number of yean 
clipsud before the heginning of the- present Iron Age [kati tfutfa) is di¬ 
visible by 720(1. it is uiiiieeessiirv to nuike onr ealciiiation from the com--, 
incnccirient of tlir* [iresent (ii'di.i' of things; we may take the sum 
days sineu the eurreiit Age bi-gaii, whieh is (.see nlove, under i. 58) 
1,811,94.'). lleiK-e the propm-tioi) 

1.577.91 7 . 83 K «1 ; ;; i.fii i ytO*!; owv ^48“ a' 

gives US the portion aeeo^u|iiisiied of the eiiitent revulution. Of this 
we are now directed (v. K.l) to take the jiart uliieli deteriiiiiies the sine ^ 
(cfo4 or bk»ja —for the origin and iin-uniiig of the plira.«c, sec above, 
under ii. 29, .10). This direetiuii determines tliu eharaeter of the 
as libratory. For .1 motion of 91", 92", 99", ete., give.s, b} it, a 
sioa of 89", 88", 87®, etc.; so that the movable poiut virtually retufmp 
upon its own track, aiul. after muviug 180", h;is reverted to its startii^ 
place. So its farther inutiou, from 180" to 270", gives a precession, in- 
creasing from 0° to 90" in the o|i|iosite direction; and this, again, is 
reduced to 0" by the motion from 270" to 0(i0". It is us if the second 
and third quadrants were folded over upon the lirst and fourth, so that 
the movable point can never, in any quadrant of its uiotion, be moiii^ 
tlmn 90" distant from the fixed ccpiinox. Thus, in the instance takn^ 
tbe hkvja of 248" 2* 8".n is its snpplenient, 01 68" 2' 8".9; the fii^ 
^0" having only biaxight the inovatile poiut bad to its original, 
uon, its present distuiiec from that position is ihu excess ovci^S^ 
of .^le arc obtained as the result of the first process. But this distance 
we:we now' farther directed to multiply by three and divide by teii.i 
'this is equivalent to reducing it to the measure of an arc of £7^ insteadi 
;cf 90", os the quadrant of Hbration, since 3 :10 :: 27 :00. ^ia 
.^ne, wo actual distance of tlic initial point tif the nphoice from 

(||p'eottinoi^ the l^;Of JaiiOary, 1860, to be 20" 24' 38"j7l; 
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^..^m^qaestion now arises, in which diroctiou is the procession, Aus 
NiCorinied, to be reckoned ? And hero especially is brought to light 
^'thjB awkwardness ami insufficiency, and even the inconsistency, of the 

{ itocess as tauglit in the u^xt. Nut only have we no rule given which 
iirnishcs us the direction, along with the amount, of the prcccssional 
movement, hut it would even be a fair and strictly legitimate deduction 
from verse 9, that that inovcinciit is taking place at tiie present time in 
an opposite direction from the actual one. We have already remarked 
above that the Inst complete period of libratorr revolution closed with 
the close of the last nnucii Ago, and the process of calculation has 
shown that we arc now in the tliinl (juarU!!- of a new period, and in the 
third quadrant of the current rovulutioii. Therefore, if tlie revolution 
is an eastward one, ns taught in the text, only taking place upon a folded 
circle, so as to be made lilirutory, the pusoiit position of the movable 
point, s Fisciiini, ought to bo t«> the wes^f the equinox, instead Of to 
the cast, as it actually is. It was probalily on account of this iinfbrttt- 
hate Haw iu the process, that mt rule with regard 14) the direction was 
given, excepting the cxpcrinicnlid uiic cuiitaiiied in verses 11 and 12, 
which, moreover, is not ])rt)porly suppU-inciitary to tlf^ pn-eeding rules, 
J}ut rather an independent inctlind of dct4>rininiiig, from oljscr^ation, both 
the direction and the amount of the precession. In vciwc 12, it may be 
remarked, in the woid dcr/yn, “turning liack,'' is fnund the only distinct 
intimation to be discovered in tlie passage of the chai'iU'tc'r of the motion 
as libratory. 

We havL already aiiove (iindor ii. ‘2S) hinted our .'>usiiic.)ons that the 
phenomenon of the prcces.iion wn.'^ made no account of in the original 
composition of the Siirya-Siddhanta, and that the notice tekeu of it by 
the, treatise as it is at present is an aflcrtlionght: we will now proceed 
to expose the grounds of those siispieiuns. 

It IS, ill the first place, upon record (see Oolehrookc, As. Res., xii. 215; 
Essays, ii. 380, etc.) tliat some of the earliest llindii astronomcfa were 
tgnorautof, or ignored, the periodical mol ion of (he. equinoxes; Brahma- 
-''npta himself is nientioneil among tliosc whose sinteiiis Look no account 
'of it; it is, then, not at all imjtossible that the •Surya-.Siddhanta, if an 
ancient work, may originally have done the same. Among the positive 
^.eyidences to that effect, we would fir.'>1 <lireet aUenlion to Uic significant 
‘■‘'fiwit that, if tlie verscji at the head of this note were expung^, there 
would not be found, in the whole body of the treati.se besides, a single 
fafnt of the precession. Now it is noL a little difficult to suppose that a 
^'phenomenon of so much consequence as this, aiul which enters as an 
'^ement into so many astronomical proci'sses, should, hail it been borne 
distinctly in mind in the framing of the treatise, liave been hidden away 
thus in a pair of verses, and unacknowledged elsewhere—no liint being 

S *veii, in connection with any of the processes taught, as to whether 
e correction for precession is to be applied or not, and only the gen- 
^(triil directions contained in tlic latter half of vemo 10, and endingVwith 
** cto.," being even here presented. It has much more the aspect of 
it. 


re'Vi^ireivor it ii required.” The place^here aatgedi^a introduce^ 
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Idbkfl the same way: as having to do with a revolution, aa eiiterin{fl$U>' 
die calculation of mean longitudes, it shoiiM have found a place whe!re 
such matters are treated of, in the first chapter; and even in the second ' 
chapter, in connection with the rule for finding the declination, it would - 
have been better introduced than it is here. Again, in the twelfth 
chapter, where the orbits of the heavenly bodies arc given, in temu 
dependent upon their times of revolution, snob an orbit is assigned to 
the astcrisms (v. 88) as implies ii revolution once in sixty rears: it 
indeed, very difficult to sec what can have been intended by such a reso¬ 
lution as this; but if tlie doctrine respecting tlic rcvolntion of Ue 
asterisins given in verse 0 of this chapter had been in the mind of tha 
author of the twelfth chapter, he would hardly have added another and 
a conflicting statement respecting the same or a kindred phenomenon. 

It appeal's to us even to admit of question whether the adoption by the 
Hindus of the sidereal year as the unit of time does not imply a failure 
to recognize the fart that the equinox was variable. We should expect, 
at any rate, that iK at the outset, tlie ever-increasing discordance be¬ 
tween tlie solar and the sidereal year had been fully taken into account 
by them, they would have more thoroughly established and defined the ' 
relations of the two, and made the precession a more conspicuous fcatuiro 
of their general system than they appear to have done. In the eon- 
atriietiuii of thirir cosmical periods they have reckoned by sidereal years 
uni}', at the same time .assi iiint; (as tor iii^taiici*, above, i. 13, 14) that . 
Uie sidereal year is eoiiipD- d t»t‘ tlie Iwn r/yrmos, “ progresses ” of ih^ 
mm from sulsliec to sol.-tiee 'I'he siqqmsition of an after-eorroetiap^ 
likewise seems to rnrnisli the most satislaetory explanation of the fonli 
given t-o the theory of the ]>reeession. The system having been first 
cunstrueted on the a>mniiplion rif tbe equality the tnipical and side¬ 
real yeai's, wlien it begsiii later to appear, tuo plainly to be disregarded, 
tliat tbe equinox hail eliangeil its piaee, the ipii-htiun was how to intro¬ 
duce the new eh‘inent. Now to assign t«> the equinox a eoinplute revo- 
lutioii Would derange the whole system, aeknnwledgiii^ a different nniA- 
lierof solar from siilereal years in the ehronolii>;ieal pcriiHis; if, howe%‘^, . 
a librntnry motion were assmned, the equiiiliriiim Mould lie maintained, 
since what the solar year lost in one pait of the TOvohUion of libration 
it would gain in .another, and so the tropical and sidereal yean wonl^ 
coincide, in number and in limits, in each great period. The eirenni- 
stanee whirh determined the limit to be assigned to the libration jre 
conceive tn liave been, as suggested by Bentley (Hind. Ast, p. 132), tnat 
the earliest recorded Ilindii rear had been made to begin when the sun 
entered the asterisni Krttik'k, nr was 2(i^ 40' west of the point fix(^ . 
npon ns the commencement of the sidereal sphere for all time 
UMve, under i. 27), on which account it was desi ‘able to make UiC arc 
uf libration include the beginning of Krttikil. 

l^ides these eonsiderationB, drawn from the general histoiy of the 
Hinfc astronomy, and the position of the element of the precession'Ifn 
the system of the Sfiiya-Siddhftnta, we have still to nim t^e bliqd af^ 
incoherent, as well as unasual, form of statement of the phenomen^ 
as fhlly expqj^ above. There is nothing to compiare vtith it in Ihis 
^Kspect in ahy other of tht treatise, and we are unwilling to' believe 
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tiuilf in tlio original roinpouitiun of tlio Siddli&nta a clearer cxplaimtlon* 
«iid one more consutont in ite method and language with those of the 
treatise generally, would not have been found for the subject. We even 
discover evideiiecs of more than one revision of the passage. The first 
bolf of verse 9 so distinctly .tcHehes, if read independently of what follows 
it, a complete revolution of the equinoxes, that, especially when taken in - 
connection with Bfikskara's statement, as cited above, it almost amounts 
to proof that the theory put forth in the Shr}'a*Siddh&nta was at one 
time that of a complete revolution. The same conclusion is not a little 
strengthened, farther, by the impossibility of deducing from verse 9, 
through the processes prescribed in the following verses, a true expres¬ 
sion for the direction of the movement at present: we can see no ruasou 
why, if the whole passage came from the same liaud, at the same time, 
this difficulty should not have been avoided; while it is readily cxjdaiii- 
abie upon the supposition that the libratory theory uf veiwe 10 was 
added as an amendment to the theory of verse 9, while nt the same 
time the language of the* latter was left as nearly unaltered os possible. 

There seems, accordingly, suflicieiit ground for suspecting that in the 
Sfiiya-Siddhknta, as originally constituteil, no account was taken of the 
procession; that its reuognitioii is a later iiiterpohition, and was made 
at first in the form of a theory of ooinplcte revolution, being .afterward 
altered to its present shape. Whether the statement of liliiiskara truly 
reproaents the earlier iheui-v, :is di.>>pluvud in the Surya-Siddhaiita of his 
time, wa must leave, an niideteriiiined question. 'I'lie very slow rate 
..'•isigned by it to the iiioveiiient of the C’ijiiino.v—oiilv H'’ a year—throws 
a doubt i^ion the matter: hut it innst be boriii; in mind that, so far as 
we can see, the aetiinl aiiiniint of the pn‘res.*^ii siii'e about A. J). o70 
(seB;above, niidir i. 27) might by that first theory have been distributed 
over the whole durzition of the present Age, sinee B. ('. if 102. 

In his own astronomy, Bhaskam tciiehes tlie eomplete revolution 
of the equinoxes, giving tlie number of revnliitimis in an /Eon (of 
4,3fi0,000,000 years) ;is 199,009; tlii.s makes the lime of :i .<ingle revo¬ 
lution to be 21,0.10.8073 vears, and the yeailv rare of preees.sion 
9007. It is not to be sn[iposed that he considered himself to have 
determined the rate with sne.li exactness ns woni-i give precisely the odd 
^umber of 199,009 revolutions to the /Kon; the miinbcr «loiibth‘ss 
■ ktands in sonic relation which we do not at pro.seiit comprehend to the 
other elements of his astronomical system. Bh&skara's own commenta¬ 
te^ however, reject his theory, and bold to that of a lihratinn, which 
has been and is altogether the. prevailing doctrine throughout India, and 
acems to have made its way thence into the Arabian, and eve.n into the 
early European astronomy (see (7olebrooke, as above). 

Bentley, it may be remarked hero, altogether denies (Hind. Ast., p. 
130, etc.) that the libration of the equinoxes is taught in the Shrya- 
Siddh&nta, maintaining, with arrogant and unbecoming depreciation of 
those who venture to hold a different^ opinion, that its theory is that of 
a'continiioi^s revolution in an epicycle, of which the cinuinifurence is 
equal to 108^ of the zodiac. In truth, however, Bentley’s own theorji||||, 
dorives no color of support from the text of the Siddh&nto, and is besides 
in itself utterly untctiabiv. U is iiuji a little strange Hint Im shoiilij iiot«. 
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]|i|iv« perceived thaty if the pi^GHUon were td he explained hjir’a 
tu!»n in Ml epiewle, ita rate of increaso would not be eqnaUe, but aa.the 
hi^meiit of the nine of the arc in the epicycle traversed by the movit'' 
ble point, farther varied by the varying distance at which it would be ' 
seen from tlic centre in different riarts of the revolution; and ahto th^- 
tiie dimensions of the epicycle being 10A°, the amount of precession ; 
woiihl never conic to equal 27°, hut would, when greatest, fall shosb.of 
18°, being deturinined by the radius of the cpicyde. Bentley's .whole 
treatment of the passage shows a thorongli misapprehension of itamii#- 
ing and relations: he even commits the blunder of imdcratanding.the ’• 
first half of verse 0 to refer to the motion of the equinox, instead of to 
that of tlic initial point of the sidereal sphere. 

Among the fircek astronomers, Hipparchus is regarded'as the fint 
who discovered Uie precession of the equinoxes; Uieir rate of motioa, 
however, seems not to have been confidently determined by him, . 
alUiongh he pronounces it to he at any rate not loss than 3Q" yearly. A 
For a thorough discussion of the subject of llie precession in Grew 
astronomy see JJcIninbro’s History of Aiioiont Astronomy, ii. 247, etc. ■ 
From the ol>scrvations reported as Uie 'lata whence Hipf>archus madoj 
his discovery, Dolanibrc deiliiccs very nearly the true rate <if the preces- ^ 
sioD. l*tole.ni 3 ', however, was so iinfortiinatc as to adopt Tor 
rate Hipparchus's iiiiniiuuni, of 36" a year: tlio snbjeia is trcat^^qi^^'llgr 
him ill the seventh hook of the Syntaxis. The actual inotioh^of tSif. 
cqiiino.v at ilic present-tiini' is 50" 25; its rate is slowk* on the increase, 
having been, at tlie epoch of the Greek astronomy, soinc^liat less tluiii 
fiO". How the Himlus suecocdiid in arriving at .a dcteruiinatuin of it ao 
iniie.li more aeciirate than was inaiic by the great (.Ircek a^tl‘ollon 1 cr, or 
whether it wim anything more than a lucky idt on their part, we>will 
not attempt hero to iliscnas. 

The tenii by which the preeession is desigiiatial in this passage is 
nvandniw,degrees of the ayuna." The latter won! is employed'in^' 
diticroiit senses: by derivation, it means simply “going, progrea^iNind < 
it seems to have been first introdiieed into the :istroiio]nii.al language to ■ 
designate the linlf-rcvoliitious of the him, from snlstioc to solstice; Uicto '' 
liciiig ealled respectively (see xiv. i>) the iittar&ifmta and dattiunayana^ 
“northern progivss" and “soiiihorii progress.” Kroui tliis use thowoc^' 
was transferred to denote also the solstices themselves, as we have tranif^ 
latod it in the first half of vense 11. In the latter sense wo coneoive 
it to be employed in the eoinpoiiiid ayaatXnfa; although why tha aSne 
of the precession should bo derived from the solstice we are unable 
clearly to sec. The term krantip&tayati^ “movoinent of the node of 
declinatiuii," which is often met with in modern works on Iliudn aatron- 
oiuy, docs nut occur iu the S(irya-Sid<lh4iita. 

12.... In like manner, the equatorial shadow which is cast 
.a1( toid-day at one’s place of observation ^ 

is. Upon tho north and south line of the dial—thatji tiie 
h equinoctial shadow {yv^tuvaiprabhii) of that place.. 

.^The cqtiiiiCGtial shallow has been already anflieieiitlv ei^laincd, in 
' eoUncction with a preceding passage (above, v. 7). in tlus Iroaitito it is ^ 
* 14 
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loi^ii only by namCR iA>nnc(l by combining one of tlio \ronlB for 
ahndoir (cMyti, M<}, prabM)^ with vighuvat^ "equinox” (see aliqvc, 
.under v. 6). In innderii llimin nstronoiny it is also called akthahhAf 
"shadow of latitude”—i. o., which detunniiies the latitude—^and paUt- 
6AA, of which, as used in this sense, the meaning is obscure. 

13.... Badius, multiplied re3])cctivcly by gnomon mid shadow, 
and divided by the equinoclinl hy]iotbcnuac, 

14. Gives the sines of co-latitude (lamba) and of latitude 
(a£sAa): the corre.sponding arcs arc co-latiludc ainl latitude, 
mways south.... 


inic proportions upon which these rules are foiiiideil are illiistratod 
by the following figiii'C (Fig. 11), in wliicii, ns in a jircvioiis figure (Fig. 
8, p. 86), Z S n^presents a quadrant of the ineridiaii, Z being tlic acnitli 
and S the south point, 

C being the centre, 
and £0 the projec¬ 
tion of the ])hiiie of 
the equator. In order 
to illuBtratc the cor- 
reupto^g relations 
of we have 

concci'^ the gno¬ 
mon, 0 5, to be placed 
it the centre. Then, 
when the sun is on 
the meridian and in 
the equator, at I'l, tlie 
fdiadow cast, which is 



the equinoctial sIiikI- 
while. i.)e i;. 


of triangles, 


the corresponding liypotlicnuse. But, by simi* 
Cc:6t'::<JK: r.K 


and as B£ is tlie sine of KZ, whicli cquah' the latitn<lc, and CB the 
•uino of EiS, its coinpicnn.'iit, tlie reduction ot these pro])ortioiis to Ulo 
form of equations gi\cs tlic rules of' the te.\t. 


14.... The mid day shadow ii» the ba.se {bfiuja ); if radius bo 
multiplied by that, 

15. And the product divided by the corresponding hypothc- 
nuse, the result, converted to arc, is tlic sun’s zenitU-Llistaucc 
(noto), in minutes: this, wlmn the liase is south, is north, and 
when the base is north, is south. Of the sun’s zenith-distance 
and his declination, in minutes, 

16‘. Take the sum, when their direction is dilferont-—the dif¬ 
ference, w^en it is the same; the result is the latitude, ix^ 
minuteek From this find the sine of latitude; subtract its™’ 
sqi^ from the square of radius, and tlio square-root of the 
nuiixider 
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17. Is the sine of co-latitude.... 

This pasHRge applies to cases in which the sun is not npon the equator, 
blit has a ceilAin clocliuation, of wliich the amount and direction are 
known. Then, from the sliudow f‘.nst ut noon, may be derired bis zeniUi- 
flistance when upon the meridian, and the latitude. Thus, supposing 
the sun, having north declination ED (Kig. 11), to he upon tlie meridian, 
at 1>: tJic shaclow of the giionioii will lie h d, and tlie proportion 

Cd:rf6::CO:lJl5"" 

gives DB"", the sine of the sun’s »'nitii-<lisUncc, ZD, which is found 
from it hy the convei-sion of sine inti> arc by a rule previously given 
(ii. 3.3). Z D in tliis cjisu being south, and K D being north, tJieir sum, 
EZ, is the latitude: if, the declination being south, the sun wore atlV, 
the diftercncR of E W and Z would be EZ, the latitude. The tigura 
does not give an illiistratioii of imi'tli /cnith-distance, being drawn for 
the latitude of AVnstiington, where tliat is impossible. The lutitnile 
being thus asccitaincd, it is easy to find its sine and cosiiio: the only 
tiling which deserves to be notcil in the process is that, to find the co¬ 
sine from the sine, resort is liad to the hibonons luctlmd of s*piareiS 
instead of taking from the tabic the sine of the coniphiirentary arc, or 
the kotijyA. 

The sun’s distance from the zenith when he is upon the meridian k 
called natdr, “deflected,” an adjective belonging to tiii* noun /ip/dr, “min*- 
utes,” or bhAg&», ‘^«legrccs.” The same term i5 also ciiiploycd, as- 

will be seen farther on (vv. 34-3C), to designate the lioiir-Hiighi. For 
zeiiitli-distaiicc oft' tlio incruliati another term is used (see below, v. 33). 

17.... The sine of latitude, nmltinlied by twelve, and divi¬ 
ded by the nine of co-lntitndc, gives the equinoctial shadow.... 

Tliat is (Fig-11)« 

the value of the giKunoii in digiU bi'ing Hibstitiifcd in the tuId'lMfiie 
giiomou itself. 

17.... The dillcivTiec «>f the laiituin* of the pl.aee of observa- 
tiou and tlio sun's lucridlaii zenith-distance iu degrees (nato-^ 
hhdgds)^ if tlicir direction be the same, nr their sum, 

LS. If thi'ir diivctinii be dilfoivut, is the sun’s declination: if 
the sine of this hiUcr bo multiplied by radius and divided by the 
sine of greab'st deeliiintion, the result, converted to arc, will be 
the suuU longitude, if he is in the quadrant commencing with 
Aries; 

19. If in that cominenuiiig ivith Caiiecr, .s ’btract from a half- 
circle; if ill that eornmcnciiig witli Libra, add a half-circle; if In 
tliat comineiiciiig with Capricorn, subtract friiiii a circle: iJto re¬ 
sult, iu each case, is the true {sithuta) longitude of the sun at 
j^iid-day. ^ * 

^ 2^0. To this if 4;hc equation of the a))8b (rmineZci p/ia/a) be 
repeatedly applied; with a contrary sign, the sun’s mean longi¬ 
tude will be found.... 
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■' paefBogc tcftchcs how, whoii the latitude of tlio observor ia 
hlMfWii, tile Bun's declination, and his true and mean longitudes, may be- 
ibupd by oliscrving his xcnith-distancc at noon. The several parts of' 
the process are all of tiicm the converse of processes previously given^ 
and require no explanation. To find the sun's declination from hia 
meridian zonit.h-<1istancc and the latitude (reckoned ns south, by v. 14), 
the rule given above, in versos 15 and 16, is inverted; the true longitude 
n found from the declination by tlie inversion of the nietlioil taught in 
it 28, account being taken of the qiindnint in which the sun may bo 
acconiing to (he priiic{[ile of ii. :)0; and finally, the moan may be de¬ 
rived from the true longitmle by a inetliod of siiecessivu approximation, 
ap]ilying in reverse the equation of the centiv, as ealculatcil by ii. 30, 

It is liardly necessary to remark that this is a very nmgh process for 
ascertaining the sun's longitmle, and could give, especially in the hands 
of Hindu oliscrvcrs, results only <1istantly approaching to accuracy. 

20. . . . The sum of the hititiule of the idace of oliscrvation 
and the sun’s declination, if their direction is the same, or, in thu 
ooutrary cas«>, their dilTenmoe, 

21. Is the sun’s meridian >:c]iith-(list.ance of that 

find the base-sine and the perjumilieular-sinc (kotijyd). 

If, then, the base-sine and radius be niiiltiplicd respectively by 
tile measure of the gnomon in digits, 

22. And divided by the perpcn’dicuhir-sine, the results arc the 
shadow and liypothenuse at mid-day. . . . 

The priddfin here is to <h'tcrmine. the length of the shadow which 
will be cast at mid-day when the sun has a given diriination, the latitude 
of the observer being also known. First, tin* sun’s mci'iilian zcnitli-dis- 
tanec is found, by a i<i'oi;es«i tin; r-onverse iif Ihal taught in \crses 15 and 
16; thou, the. ei>iT«-.qioudirig .<inc niid eosiiic Ji:iving been calc a Ink'd, a 
proportion gives tht; desired result. 'I'hus, let us suppose the sun 
to be at ly (Fig. 11. p. 106); the sum of his south itc<‘linat>ion, KjV, 
and the north latitude, HZ, gives the xi'nith-'listaiice, ZJ)': its sine 
^bhvjajyd) is IHli'", and its cosine (kn/ijt/ti) is f'jV". Then 

CIV": n«M 

and ClV":(’J>'::Cft:Cf/' 

which proportions, reduced to equations, give tlie value of btl', thu 
shadow, and C.J\ its hypotkciuisc. 

22.... The ainc of declination, niulti]>lied by the (vpiinoctial 
hypotheiiufic, and divided by the gnomon-Bino ‘{miikujtvii), 

23. Gives, when farther nlultipli(^d by the liypothenuse of any 
given shadow, and divided by nidius {matlhyakart/a)^ the sun^s 
measure of amplitude (arlsdgrd) corresponding to that shadow... 

. Ilf this passage wo arc taught, the dccliiiatioii being known, how to 
find the ineasiire of amplitude {ajfrA) of any given aliMow, as prepam- 
toiy to detennining, by tiie next following rule, the base of thdil 

daw, by cidciilatioii instead of inoasuremeiit. Hic first rtnj^jto^itod . 
liue the sun's amplitude: iu order to thiis wo couiparoyhi'trianr 
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glos ABC and CEII (Fig. 13, p. 110), which are MmUw,nnce the. 
angles ACB and CEli are each ennui to the lati&ide of the observer. 
Hence EUrEC: :BC; AC 

Bnt the triangles CKIl (Fig. 13) and C6e (Fig. 11) arc also similar; 
and £Jr:EC::C6:C« 

Hence, by equality of ratios, (3 &: Ce:: B (': A C 
and AO, the sine of the sun’s amplitude, equals EG—which is the sine 
of declination, being equal to IJ F — laultiplicd by C e, the equinoctial 
hypotlicuusc, and <lividuil by C &, tliu giioiiioii. llie remaining part of 
the process depends upon the jiriiioiplc whicli we have demonstrated 
above, under verse 7, that the measure of anijditudc is to the hypothe- 
nusc of the sliadow as the sine ol' amplitude to ra<Jins. 

Why the gnomon is in this piissage cHllctl tliu “gnomon-sine,’* it is 
not easy to discover. Verse 23 prcseiils also a name tor radius, madhyor 
karna^ “liaU-diamcter,” whidi is not found again; nor is karna ofb.n 
employed in the sense of “diaiiietei-’' in this treatise. 

23.. .. I’hc sum of the equinoctial shadow and the sun’s 
measure of amplitude {arkn;jrtt), when the sun is in the southern 
hemisphere, is the base, north; 

24. When the sun is in the uorthorn hemisphere, tlie base is 
found, if north, hy suhlracting the measure of amplitude from 
the ciiuinoctiiil shadow ; j4suiilli. by a contrary ])roGess — ^aecord- 
ing to the direction of*e interval between the end of tlio 
shadow and the (‘ust anil west axis. 

25. The mid-day huso is invariably the midday shadow... . 

We hnv'O already had l•(■(•;|sioIl tn iiDtire, in eotineetion with the first 
vcrsiM of this I'haplor, that lhi‘ hast' (hhuja) nf the. shadnw is its projec¬ 
tion u]ion a north aiul .>••>111 h lino, or thu ilislauec of its extremity from 
the cast and west axis of the liial. It is that line which, ns shown 
above (under v. 7), eorn-spoiuls Vj ami roprcsvnts tlio ]>crpcTidicahMr let 
fall from tlic sini iijnin tho jdanc of the jirime vertical. Thus, if (Fig. 
11, p. lOfi) K, \j, ly, I.) be ililfcrent |>ositioiis of the son—K and L 
being (amccived to be upon the surfaoo of the spliorc—the pcrpcinlicn- 
lars KIV, L I>", IV IV", I)TV'" arc* rcprc*penti*il upon the dial hy I'fe, ffi, 
d*b, rib, or, in Fig. 9 (p. 241), by Ai', lb", d'b, db. (>f these, the t%vo 
latter coincide with their reapective shailows, the siudow east at noon 
1)cing always itsidf upon a north and soutli line. Thu base of any 
shadow may be found by combining its mcasui'c of amplitude (eyrd) 
with the cquinocti.il shmlow. When the snn is in the southern hernia* 

E hcre, H8 at D' or K (Fig. 11), the muiisnro of amplitude, ed* or «h, is to 
e added always to the e<piinortial shadow, h in order to give the base, 
hd* or bh. Tfi on tho contrary, the sun’s dcclina.hm Itc north, a differ* 
ent method of procedure will be nucessary, according as he is north or 
soutli from the prime vortical. If ho be south, na at D, the shadow, hd^ 
will be tlirown northward, and the base will be found by snbtracting tho 
measure <4 amplitude, dt, from the equinoctial shadow, if lie be 
^nevth, as at L, tho extremity of die shadow, I, will be sondi f^m tho 
and.Went axis, and the base, hi, will bo obtkibed by subtracting tho 
^niiioctial shadow, fir, from tho moasure of aukplitndc^ Ir. 
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25.... Maltiplj tho sines of co-latitude and of latitude re¬ 
spectively by tlic equinoctial shadow and by twelve, 

26. And divide by the sine of declination; tho results are the 
hypotheimsc when the sun is on the prime veTti(»i.l (mmamaty 
(0a). When iionli declination is less tluin the latitude, then 
the mid-day hypothenusc (fmua), 

27. Multipliwl by the c<ininoGtial shadow, and divided by the 
mid-day mca*<ure of amplitude (nyrd), is the hypothenuse.... 

Here wc have two dcparatc .‘iml in<lc]iaiidciit motliods of fiiuling the 
hypothenusc of theearit and west shadow east by the snn at tho moment 
when lie is iijHin the prime rertioal. In conneelioii witli the accoml of 
tJio two arc atated the ciroiiinstances under which alone a transit of tike 
Min across the prime vertical will take place; if liis declination is south, 
or bciug noitli, it is greater than the latitude, his iliiirniil revolution 
will be wholly to the south, or wholly to the north, of that uirclc. 

Tliu firet iiictliod is illnstrutcd liy tho fo lowing ligiircs. Let V C' 
(Fitf. 12) be an arc of the priiiio ver- jg 

tied, V being the point at which the 
aim crosses it in his daily revolution; 
and let G' ]bc the centre; then V i'/ 
is radius, ami V V the sine of the 
sun’s altitude; and, t''6 being the 
gnomon, 6 v will In.* tlie shadow, and 
C' V its hypothenusc. But, by siuii- 
laritv of triangles, 

Vt^: 

Again, in the otlier ligiire (Fig. 13)—of which the general relations 
arc those of Fig. 8 
(p. 88)—AJ) being 
tlic pmjeetion of the 
circle of the sun's 
diurnal revidutioii, 
and the {mint at 
which it crosses the 
prime vertical being 
seen projeuted in 
V C is the sine of the 
suifs alljtndc at. that 
point. But V (' B 
and Kt'ir nre simi¬ 
lar triangles, the an¬ 
gles BV('and GKU 
being eai:h equal to 
the latiludc; nciiee 
VG:KG::ISG:riI 

^ow tlu( first of 
tiicw ratios is—since 
Kp^^VC',b«>th 
brag mdius—the 
same with the first 
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in tlie former proportion; and therefore 

nC:Cil::C>b:av 

or sin decl.: oin lat.:; /ipioni.: hyp. pr. rert. Rlmd. 

but sin lat.: cor. lat.:: cq. Rbarl.: gnom. 

therefore, by combining tcrniR, 

ain. decl.: coh. lat.:: eq. shad.: hyp. pr. vert. shad, 
and tlic reduction of the first and third of these proportioni’ to the 
form of equations gives tlic tiiIch of the text-. 

The other method of fiiniing the same quantity is an application of 
the ]>rincipic demonKtrnted above, under verse 7, that, vritli a given dec¬ 
lination, tlie menKiirc rif ainplitiidc of any shadow is to that of any other 
shadow ns the hypotlieiiiisc of the fru'iner to that of the latter. Noir 
when the sun is upon tiiu prime vertical, the shadow falls directly 
eastward or dirertiv wot wan I, and hence its extremitv lies in the east 
and west axis of the dial, and its mesisiirc of amplitude is equal to' 
tlic equinoctial sh.nlow. The noon measure of amplitude is, accord-' 
inglv, to the hyyiothciiiisc of the ikmui shallow ns tlic equinoctial sharlow 
to tfie liypotlieiiusu of th<> shadow cast when the sun is upon Uie prime 
vertical. 

27.... If the sine of declination of a given time be multiplied 
by radius and divided by the sine of co-latitude, the result is the 
mno of amplitude {agranvhirvil:a). 

28, And this, being farther Trmltiplied by the liypothenuse of 
a given shadow at that time, and divided'by radius, gives the 
measure of amplitude (nryrd), in digits (iingula)^ etc.... 

'llic sine of the siinV aniplitiido is found—his .lecliiiatioii and tlie 
latitude liciiig known—hy a coiupiiri-nn v>f the similar triangles ABO 
and OKU (Fig. l.'l), in whicli 

11E:EC::BC:CA 

or cos. lat.: U;: sin. decl.: sin. nmjd. 

And the proportion upon which is founded the rule in verse 28—name¬ 
ly, that radius is to the sine of amplitude as the hyjHitlieiiuse of a given 
ahadow to the corresponding measure of amplitude—has been demm- 
stnted under verse 7, above. 


28 .... If from half the square of radius the square of the 
sine of amplitude (agrajyd) ro subtracted, and the remainder 
multiplied Of twelve, 

2 $. And again miutipliod by twelve, and then farther divided, 
by/tke sopaai-c of the equinoctial shadow increased by half the 
squaire. of the gnomon—the result obtained by the wise 

eaUra the “surd” this let the wise man set 

do#n'UL tillf9 places. Then multiply the equinoctiid shadow by 
and again by the sine of amplitude^ 
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nno of altitif£^.tonjbM).of Ike Bonih^ inteme^to:.. 
TWltetions (vuft;); and oqucal^. 'whetiher the snn’a revolui^ 
'like place to the south of to the north of the gnomon (gankuy^ 
oh^, in the latter case, the sine of altitude is that of the noiw* 
em intermediate directions. 

' 38. The square root of the difference of the squares of that 
and of radius is styled the sine of zenith-distance (^.) If, then, 
the sine of zenith-distance and radius be multiplied respectivelj 
by twelve, and divided by the sine of altitude, . . 

84. The results are tlie shadow and hypothenuse at the anjgleii, 
(ibana), under the given ciinumstances of time and place.... 

The method taught in thig passage of finding, with a given declina¬ 
tion and latitude, the sine of the sun’s altitude at the niouient when he 
crosses the south-east and south-west vertical circles, or when the shadow 
of the gnomon is thrown toward the angles (tuna) <if the (‘irciiiiisi;ribiug 
squwro of the dial, is, when stated iilgchraicnliy, as follows: 

(iR«-gia« ampl.)Xgn.« _ 

^*4' ign.*-t-eq. Bh.* 

eq. ih. X gn. X ein nmpl. _ ^ 
igo'+eqsh.*" —*«“*■ 

y /sunt -f- fruit* -{- fruit = sin alt., declination being north. 
y/ Burd-f- fruit* — fruits;sin alt., dccUnation lK>ing hinilli. 

• It is at once apparent that a prohleiii is liere jire-sciitiHl more compli¬ 
cated and difficnlt of solution than .‘iny with which wc havo heretofore 
had to do in the treatise. Tlie eoiiimcntary gives a «luiiioiistraiioii of 
it, in which, for the first time, the notation and processes of the 
Hindu algebra are introduced, and w'ith these wc arc not sufficiently 
&miliar to be able to follow the coui'se of the dc.inoii.sti'ation. Tht; 
problem, however, admits of solution witliout the aid of mathematical 
tiowlcdge of a higher charai^tcr than has beeii displayed in the pro¬ 
cesses already cxplainc<l; by incans, namely, of the consideratiim of 
right-angled triangles, situated in the sumo plane, and capable of laiing 
represented by a single figure. AVe give IhsIow snub a solution, which, 

' we ere persiuideil, a^cs in all its pj 

mani features with tne process by 
which the formulas of the text were 







'-^O^.represent the gnomon. 

.i?- 'Sihee « is in the hue of the dqni- 
''yoetiol shadow (we above, v. ?),- 
'•'■tadjiiiice be makes an angle of 46* 
^I|h'4|||lih4r axis the dial^ -we 
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In like manner^ cf<*s=2 nieas.ampl.* Bat the limilar triangles 
Cd 0 and CDS' give Cd* :<fe> :D£'*; which, W haling 

the two consequents, and observing the constant relation ^ Cd to the 
measare of amplitude (see above, under v. 7), gives K* : sin ampL* :; 
Ka : £'> : whence 0 sin ainpL>, or D 2 sin ampl.* 

Now the iroipiired sine of altitude is DG, and DG=DH-|-I1G= 
DII-I'IJ* And, obviou^, the triangles DHI, DIE', EFC^ IJ C, 
and C 6 e arc all similar, llien, from Dll T and C b s, we derive 

DH:DI: :be;Ce 
from DIE'and Cbe, DI: DE':: Cb: Ce 
and, by combining terms, DII: D E':: b eXO b : C 

-n. .r . ec]. ■ii.X^n-Xys. un ampl. eq.Bh.Xa:n.XsinampL . .. 

wlienoe D U =-- n -= “^i—5-;- lT--=' mit. 

gn.> + 2 eq. iL.* bgO'^-Heq- d».* 

Again, from D H 1 and £ F C, we derive 

111* ■ D I* ■ • E F* ■ E C» 

from IJC and EFC, IJ* 10* EF* :'eC* 

whence, by adding tlte terms of the equal ratios, and observing that 

1II*+IJ*=JII*, and DI»+1C* = DC* = EC*, we have 

Jli»:EC*::EF*:EC'* 

or J H*=EF*. Hence IJ*=a H»-I H*=EF*-lH»=EF*-bl*+DH* 
Blit from EFGand Cbe are derived 


from* DIE' and ('be. 


Ce» :Cb* 
Ce» :Cb* 


EC’2 :EF2 
DE'a:Dl* 


whence EF*=——,and DI*=——, and EF*-DI«='-- 

that is to say, 

F Irt-D ia= _ (lR«-»inaiapl.« )Xga« _ 

go.*-f'2eq.sh.* eq.di.* 

But, as was shown above, 1J1*=E F* —D I®+D H*=:surd-|-friiit* 
and ^siird+fruit* + fruit= 1J 4 * D 1I=D G = sine of altitude. 

When declination is south, so that tlic smi crosses tlic circle of alti¬ 
tude at ]>, 1 II', the equivalent of D11, is to be subtracted from I J, to 
give D' G't the sine of altitude. 

The correctness of the Hindu formulas may likewise be briefly and 
succinctly demonstrated by means of our modern methods, llius, let 
PZS (Fig. 16) be a spherical triangle. Fig. 16. 

pf. which the three angular points are 
P, the pole, Z, the aenith, and S, the 
fdipee of the ann when upon the south- 
ei^ or the aouth-west vertical circles; 

^2Sf then, ia the co*latitade, Z8 the 
aenith-djiiipiice, or oo-altitade, and P S 

-jdlh ocH^fapition; and tha ansla PZS ia 135**; the problem is, to find 
ri&e l^e complement of ZS, or of the sun’s altitude. By s^eri- 
COB SPrscoB Z8 cos ZPHhain ZS sin ZPeos Z. Di- 
' mmI obserriag that coa S P-4-siii ZFsaiii deGL>rooB 

ame.f!^liin|ilitB!d(U We;^^|pav» ain ainpl.=: sin alt tan lat+ooa alt.coa 
U; we npMabldf ski, ampl. bysm tan ht bj oob' 185” by 






—^ lit wd <M tit Iijr Vl —ire Urn a*- Sa 5 c+t’ s?^ ' 

«*r^: and, by reduction, g*—' xsz RepreseHtiug, 

O h 

andn, tvt; /t and ~ ■ by *, and reducing, we have «=/+ 

_i+* i+o 

But/ ia evidently the aame witli the “ fruit,” ainco 6, or tan 

t . . , . ',.t - ab cq.ah.Xfim>)(ain.ainpl. 

I.^«^tJ.eq..h.-rgn.m,»Hltbe«fo7e ^ 

fltad «is nlso the Slime with the “Bnrd,**foT ^ v° -=--j imeph) ^ 

i+6* ^gnoui.*+eq. ah.' 


If, the latitude being north, vre conakler the north direction aa poai- 
tive, b will be poaitive. The value of /, given above, will tlien Evidently 
be poaitive or negative aa the aign of a ia plua or minua. But e, the 
nine of amplitude, ia positive when declination ia north, and negative 
whtin declination is aonth. llencc / ia to 1>c added to or subtracted 
from the radical, according as the sun is north or south of the equator, 
M prfisciibed by the Hindu rule. A minus sign before the radical would 
Htmreipond to a second passage of the sun across the south-east and 
lidrth-west vertical eirclc; which, except in a higli latitude, would take 
place always below the horizon. 

The construction of the last part of verse 32 i.s by no means clear, yet 
we cannot question that the meaning intended to be conveyed b|^t is 
truly represented by our translation. \Vhcn declination is greater than 
noTUi latitude, the sun's revolution is made wholly to the north of the 
prime vertical, and the vertical circles which he crosses arc the iiorth- 
^at and the north-west. The process prescribed in the text, however, 
'|pv^ the correct valne for the sine of altitude in this ease also. For, 
in the triangle S / P (Fig. 15), all the parts remain the samo, excepting 
that tlie angle PZS becomes 45**, instead of 135”; but the cosine m 
the former is the same as that of tlie latter arc, with a difference only 
"of ri^, which disappears in the i)rocess, the cosine being squared. 

Tm sine of altitude being found, that of its complement, or of zenith- 
diMance, is readily derived from it by the method of squares (as above, 
in w. 18, 17). To ascertain, farther, the length of the corresponding 
idiadow and of its hypothennse, we make the proportions 
sin alt.: sin zen. dist.:: gnom.: wad. 
and sin alt.: K :: gnom.: hyp. shad. 

In this passage, aa in those that follow, the sine of altitude is called 
by thh samo name, panjtu, staff,” which is elsewhere given to the 
gnomon; the gnomon, in fact, representing in all cases, if the hypothe- 
nuse he made radioi^ the sine of the suu*s altitude. The word is fre- 
. ^q ueu^ used in this sense in the modern astronomical language: thus 

C (Fig. 13, p, 110), the sine of the sun's altitude when upon the 
jpriine vertical, is called the samamanMafank^ " prime verticu staff,” 
aiid BT, tij^e sine of altitude when the sun ctosies the unmandala, or 
wt and west hour-oltcle, is styled Hie unma^hfaUu: of the lattef 
.ttbeirhbirever, the SHrya-Siddfakuta makes .lio accounts We are 
‘piriiM, Ki^ever, -Bot to'fiyM|^ diatinet tor the altitude, as for i#' 
complement, the aenith-distance: the sine of the latter might wiA v^. 
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nearly ihe eame Ittoprietj ^ the ** shadow,** aa that of thejfoimer 
the'^gnomon.** The^ purticnlar rine of altitude whidi is the fmlt of 
the present process is commonly hnown as the ifcoiM^iifo, from the 
word kona^^ which, signifying originally “ angle,*’ is used, in conneeUon 
with the dial, to indicate the angles m the circumscribing square (see 
^g* P* then the directions in which those angles lie from 

the gnomon. The word itself is doubtless borrowed from the Greek 
ywWa, the form given to it being that in which it appears in the com- 

S nnds Tf/ywrav (Sanskrit irikom\ etc. Lest it seem strange that the 
indue should have derived from abroad the name for so fiimiliar and 
elemcntaiy a quantity as an angle, we would direct attention to the 
striking fact that in that stiq^ of their mathematical science, at least, 
whi^ 18 represented the Shrya-Siddb&nta, they appear to have made 
no use whatever in their calculations of the angle: for, excepting in 
this passage (v. 34) and in the term for “square” employed in a<pre- 
vious verse (v. 5) of this chapter, no worrl meaning “angle” is to be 
met with anywhere in the text of this treatise. The term drp^ used to 

S “zenith-distance”—excepting when this is measured upon the 
an; see above, under vv. 14-16—means literally “sight, in this 
sense, it oqcnrs here for the first time : we have had it more than oaco 
above with the signification of “ observed place,” as distinguished from 
a position obtained by calculation. Tn verse 32, jianku rai^t be under¬ 
stood as used in the sense of “ zenith,” yet it has there, in truth, ita own 
proper signification of “gnomon;” the meaning being, that the aun, in 
the cases supposed, makes his revolution to the south or to the north of 
the gnomon itself or in such a manner as to cast the shadow of the 
latter, at noon, northward or suuthwanl. One of the factors in the cal- ' 
cnlation is styled karani, “ surd ” (see Colebrooke's Hind. Alg., p. 145)^^. 
rather, apparently, as being a quantity of which the root is not required 
be taken, than one of which an integral root is always impossible; or, it 
may be, as being the square of a line which is not, and cannot be, drawn. 
The term translated “fruit” (pAafa) is one of very frequent occumnee 
elsewhere, aa denoting “ quotient, result, corrective equation,” etc. 

The form of statement and of injunction employed in verses 2ji and 
80, in the phrases “the result obtained by the wise,” and “let the wise 
man set down,” etc., is so little in accordance with the style of our 
treatise elsewhere, while it is also frequent and familiar in other worln 
of a kindred character, that it furnishes ground for suspicion that this 
passage, relating to the konapanku^ is a later interpolation into the body 
of the text; mid the suspicion U strengthened by the fact that the pro¬ 
cess prescribed here is so much more complicated than those ebewaore'^ 
presented in this chapter. . . 

84.... If radius be increafled by the sine cf aaoensional di^r- 
enoe (cam) when declination is north, or dimiiiisHed b/tU|k^e, 
when declination is south, 

Sd., T^e result is the day-measure (aniyd^\ tiris, dimuushed - 
^by^ the versed sine {uikramajyd^ of the hoj^rangle then 

.;^:|^nltiplied by the day>radiw and divided by.'Tadiiu^.iatifie “ di- 
- $wisor” {chedt^'i the ]atC», again, being ij^tiplutd by tliff of 
^<K>>latitade (tomha), and uvide^ . - 
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^8e. By tadiiis, gives t^e iine ofl. altitude ((an8u): subtnu^ite 
sine from that of Tadius, and the Square .root ctf remaiod^is 
the sine of zenith-distance (d^): the shadow and its hypothie- 
nuiib are found as in tbs pretecUng process. 

The object of tliis prooett u, to find the eine of the aun’s altitude at 
any given hour of Uie day, when his distance from the meridian, his 
de^natioii, and the latitude, are hnown. The aun^a angular distance 
from the meridian, or the hour-angle, is found, as explained by the com¬ 
mentary, by subtracting the time elapsed since sunrise, or which is to 
elapse before sunset, from tbc half day, as calculated by a rule i>revioui^y 
giten (ii. 61-63). From \he declination and the latitude iuc sine of 
ascensional difi'crcucc [earafya) is supposed to have been already derived, 
by the method taught in the same passage; as also, from the declina- 
tigjf (by ii. CO), the radius of the diurnal circle. The successive, stepa 
of&c process of calculation will be made clear W a reference to the 
amiexeu figure (Fig. 16), taken in connection with ^g^ 13 (p. HO), with 
which it corresponds in dimensions and lettering. Let G u' E repre- 
portion of the plane of the cejuator, C being its centre, and G E 
A i^rsection with the plane of tlic nic- 
Wvuii; and let A A' B' 1) reprasciit a cor- 
responding portion of the plane of the 
diurnal cindc, as seen projected upon the 
other, its centre and its line of intersection 
the meridian coinciding with those 
of the latter. Tjct C G eomJ tlic sine of 
^CMO^sional difference, and A B its corre- 
’ a^^eiit in the lesser circle, or the carth- 
or Jahitijy& ; see abovr, ii. Cl), 
let O' be the place of the sun at a 
gjiven time; the angle O'CD, mcasurcMi 
h^ the arc of the equator ^E,iB the 
Hhtjur-auglc: from Q' draw Q'Q perpcndic- 
uia^io CE; then Q'Q is the sine, and 
QBis the versed sine, of Q' E. Add to 
radius, EG, the sine of ascensional difference, CG; their sum, EG— 
wUeb fe the equivalent, in terms of a great circle, of that part of 
th|S',diM^eter of the circle of diurnd revolution which % the 
honio% 'md which consequently measures the length of -4ie^day<»->ia 
the day-measure (antyd). From EG de«luct £ Q, the versed^t^ of the 
hour-angle; the remainder, G Q, is the same quantity in terma of a great 
' circle which AO is in terms of the diurnal circle: hence the reduction 
of G Q to tife dimensions of the lesser circle, by the jwpottinfn 

CE:BD:;'6Q:A0 ' , ‘ 

S ives ffe. tbc value of A O; to this the text given the tS^nical name of 
divisor*'feAedal. But. bv Fiir. 13. • ... 

pa* 

i 



(cAeda). But, by Fig. 13, 

C£:£H::AO:OB 




hence Qfi,.which is'the sine of the 


sun’s 


__altitude atthe given thu&t, 
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n^nw: M WM sliQwa in <^nneotiiOia with vew Y of this rfenfeg i 

hyp. shad.: men. ampl.:: EG: C A' (F%. 18y 
but £C:CA:;£H:B,G 

tho^efore hyp. shad.: meaa. ampl.:: £ H: B C 

B<^ the Bine of declination, being thue aaccrtained, the lonntnde ia de¬ 
duct from it as in a provious process (sec above, vv. 17-20]. 



therefore hyp. shad.: meas. ampl. :: £ H: B C 

B<^ the Bine of declination, being thus ascertained, the lonntnde is de¬ 
duct from it as in a previous process (sec abovjB, vv. 17-2(^. 

41.... Upon a given day, the distances of three basei^ at 
noon, in the forenoon, and in the afternoon, being laid off, 

42. From the point of inteinection of the lines drawn between 


th^ by means of two fish-figures, (mafeya), and with a radiiui 
touching the three points^ is described the path of the shadow. 

This method of drawing upon the face of the dial the path which 
will be described by the extremity of the shadow upon a given day pro¬ 
ceeds upon the assumption that that path will be an arc of a circle—an 
dt^neoM/isBumption, since, excepting within the polar circles, the path 
Ae shadow ia always a hyperbola, when the sun is not in the cotiator. 

however, the difference between the arc of the nyper- 
int not too for from the gnomon, and the arc of a circle, 
It it is not v^lllnurprising that the Hindus should have 
The psth regarded ns a true circle, of course it 
wn if imy three points in it can be found by calculation: and 
diffleiilfe, unce the rules above given furnish means of ascer- 
If attn^s dedination and the observer’s latitude be known, 
of thediadow and the length of its base, or the distance of 
flrom the east and west axis of Uie dial, at different times 
y. One pfurt of the process, however, has not been provi- 
i j^luk<rules hitherto given. Thus (Fig. 0, p. 07), supposing 
fhi be thrM points in the same daily path of the shadow, we 
hire, in order to lay down I and m, to know not only the bases I 
but also the distances 6 A", b A'". But these are readily found 
the shadow and the base corresponding to each are known, or 
lay .be calculated from the sines of the respective hour-angles, 
three points being determined, the mode of describing i circle 
through them is virtually the same with tliat which we diould employ: 
lines are drawn from the noon-point to each of the others, which aro 
th^^j^y jfoh-fignres (see above, under vv. 1-5), bisected by other lines, at 
rign'aii^|les to them, and the intersection of the latter is-^the centfW«f 
the re<][aired circle. 

^ 42.... Multiply by the day-radius of ibreo and divide 
by their own respective day-radii, 

48,. pL succession, the sines of one, of twe^ ^ 
the (ttraents, oonverMid into arc, being subtractedy 
one fmlbwing, give, beginning with Aries, tubes of. 
at Laute; ; . ? - 





44.. hpudied and seventy, sevsniien hnusued^ 

^ bin^n hundred sia iMlrfive 

asoenSna(' 




andltikei^ 



m 

ar6 


loe (^ammda), m calcokted 
t(|a% of rirag at that place. 

45. Invert them, and add their own po^ona of aacennonal 
di&renco inverted, and the sums are the three aigna beginning 
with Cancer: and these same six, in inverse order, aie .Uio other 
six, commencing with Libra. 

T&'e problem here w to determine tho “ times of rising” (tufaydsatcu) 
of the different signs of the ecliptic—that is to say, the part td’die 64D0 
ilS^Hrations Uuavas) constituting a quarter of the sidereal day, wh^, 
e^ the three signs making up a quadrant of the ecliptic win oociq^. 
m rising {vdaya) above the horizon. And in the first place, the tiinea 
‘^)f rising at the equator, or in the right sphere—which are the eqiwre* 
lonts of the signs in right ascension—are found as follows: .-^r 

Let ZN (Fig. 17) be a quadrant of the solstitial colure, AN the pn^ 
lection upon its plane of the equinoctial colore, A Z of the cquatOT, ailL 

^ jb -1 1 a ns _s • 


Fig. 17. 



A C uf the ecliptic; and let A, T, 0, and 
C be the projections upon A (7 of the initial 
points of the first four signs; then A T is 
the sine of one sign, or of .‘lO*’, A (} of twp 
signs, or of 60°, and A C, which is radius, 
the sine of three signs, or of 00°. From 
T, G, and C, draw T /, G y, C c, perpendicu¬ 
lar to A N. Then A T ( and A C c arc simi¬ 
lar triangles, and, since A (' equals radius, 

K:Oc:: AT:T< 

But the arc of which T < is sine, is the 
same part of the circle of dinrnal revolu¬ 
tion of which the radius is t as die re- _ 

quired ascensional equivalent of one sign is v. 

of the equator: hence the sine of the latter,^whieh wc may call 
found by reducing T t to the measure of a grcat^circlc, which is doii%Jll^< 
the proportion 

< <': R:: T t: sin x 

Combining this with the preceding proportion, we have, 

tf':Oe:: ATisin X 

Again, to find the ascensional equivalent of two signs, which wo '^lll 
ciA'y, we have first, by comparison of the triangles A Gy and AOo; 

R:Ce::AG:Gy 

«»4 yy':B: :Gy isin y 

thiirei^, asbefei^' yy':Ce:: AQ:siny 

.sines of the ascensional equivalents of • ne and of tiqo qgna 
.Jare eqw'to the sines of one anj^.of two ugna, and, 
^ _Jli^ied by tte day-radius of three signs, Ce, and divii^^eai^'^ 
hv iti own day-radb^ i¥ and yy*; and the conversion of the 
orained hito an gina the ascensional equivalents tlieai|ly^^\T^ ;■ 
.ynle of the HEundes also the equivalent of 
■olhfiji d y nfinal..tBjte quadrant that it u unne 
proein, all tholfnna m the 
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Upon workSntf out Uie process, by means of the table of sines 
in the second chapter (w. 15-22), and assiiminff the inclination (n^we 
plane of the oclipnc to Ira 24° (ii, 28), we find, % the rale given above 
hi. 60), that the day-radii of one, of two, and of three sines, or 
Gc, are 3366', 3216', and 3140' respectively, and that the sines of « and 
y are 1604' and 2007', U> which the corresponding arcs are 27° 50' and 
57° 45', or 1670' and 3405'. 'L'he former is the ascensional equivalent 
of the fii-st sign; subtracting it from tliu latter g;ives tliat of tbe second 
sign, which is 1795', and subtracting 3405' from a quadrant, 5400', 
gives tlic equivalent of the third sign, which is 1035'—idl os stated iu 
the text. 

Tlipse, thiMi, lire the periods of sidereal time which the first tiitee 
sigus of the ecliptic will ucc-iipy in risiiig above tlie horixou at the equa-' 
tor, or in passing the meridian of any latitude. It is obvious that the 
same quantities, in inrersc order, will be the equivalents in right ascen¬ 
sion of tlic three following signs also, and that the series of six equiviir 
lents thus found will belong also to the six signs of the other half of the 
bcliptic. Ill onlcr, now, to ascertain tlie equivalents of the signs in 
obliqne ascension, or the periods of sidereal time which they will occupy 
-in rising above the horizon of a given latitude, it is necessary first to 
calonlate, for that latitude, the ascensional difference (earn) of the tliree 
points T, O, and C (Fig. 17), uhich is done by tlie rule given in the last 
chanter (vv. 61,62). We have calculated these quantities, in the Hiiidii 
mewod, Wthe latitude of Wusliington, 38° 54', and find the ascensional 
difference of T to he 578', that of (nOGI', and that of C 1263'. Tlie 
manner in which tliesc are combined with the equivalents in right 
ascension to produce tlic cqnivalcnts in obliipie ascension may bo ex- 
j^ained by the following figure (Fig. 18), which, although not a tme 
projection, is sufficient for tlic ])iirposc 
of illustration, l^t Af'S bo a semi- 
drcle of the ecliptic, divided into its 
;^iacco8sive signs, and A S a semicircle 
• nf the equator, upon which A 'I'', T' O', 
are the equivalents of those signs 
iu night ascension; and let y, etc., be 
the points which rise simultaneously 
withT, G, etc. Ti'hcii t T' and p V', tlic 
ascensional difference of T and V, are 
578', pG' and 11/ arc 1061', and cC' 
is 1263'. Then A t, the equivalent in 
oblique aseeasion of A T, equals A T' - 
IT', or 1002'. To find, again, tlie valno 
of I second equivalent, the text 
direct! to subtract from T' G' the differ¬ 
ence between f'T' and^pG', n'hich » 
called.ihe earakhanda^ " portion of ascensional differenoe’*—that is to 
say, tith inqrement or decrement of ascensional differenee at the point 
O ascomparbd with T. Thus 

»T'TO0'--l4i^9'«-ini' 

O') 0'-« flR-* (Fesl788' 
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.fSpj^or, t 9 find the oblique equivaleiite in the Mieond quadnnt we 
•#*attectea tA invert the right equivalcntM, and to add to each its own 
mkhoMda, Uecreincnt of asctusioiial difforeiHJc. Thus 

f /=C' L'+ (<■ C' -1L') =s« L' - J L'= 21 St' 
t«=L' V'+(iI/-wV')=lV'-iiV'=S2t8' 
and finally, vS*V'S + wV'=i2248'. 

It is obvious witliout particular explanation that the arcs of oblique 
ascension tlina found as tin- e(niival(!nLs, in a given latitude, of the wpst 
.six signs of the ccliptii:, arc likewise, in inverse unlur, the equiralentfi of 
the outer six. \Vc have, tlicn, the following table of tiimst of rising 
(uda^Amrna), for the oipiator and for the latitude of Wasliington, of lul 
the divisions of the ci-lijitie : 

Equivalents in Right awl Ohliqve Asrmsim of the Signs of the Ecliptic. 



Sipi. 

nio. 

Name, 

I. 

Aries, mvtha. 

3. 

Taurus, erx/rnn. 

3. 

Gemiui, mithunH. 

4. 

Cancer, kark(Ua, 

5. 

Leo, fiNAa, 

6. 

Vir^), knwgA, 


in <A«rr*na. ■ 

Right Aiicfinpion.' Uifl*. 


Of p. 

I ri 7 u 
iryl 
Ty'lli 

I7y'i 

I''“I I 


'■-8 ! 


or p. 

'i 

Oifjl 

'itB 



SLijn. 

■1 

M, Aireiiiiion- 

Name 


' or p. 


■ 

j..yi 

Puces, iHi'na, 

13. 

i3ia 

Aquarius, kiiwMa, 

Uv 

1733 

Caprieomux, »i'i£a/a, 

lO. 

3137 

Sagittarius, dhanm. 

9 

sa-S 

Scorpio, dli. 

8. 

aa.'iS 

,lJbra, lultl. 

7- 


For tliij cxprcHiioi) “ at Lanka," cinploycil in verse 43 to designatik 
the equator, sec above. iiiiiUt i. fio, 

46. From the longiTudc of the sun at a given time are to be,-, 
ealculnted the asnmsioiial oquivaliants of iIjc parts past and tu' 
come of the sign in which ho is: they arc equal tu the nuinber 
df'degrees traversed and to bit traversed, multiplied by the as- 
eefudobal equivalent {udaydsavm) of the sign, and divided 

thM; 

Then, from the given time, reduecd to respiration.^^ sub**' 
trfi#i£he equivalent, in respirations, of the part of the sign to 
Og^^'.«nd alao the ascenaipiml equivalents {hjmtsavas) of the 
ffigns, in.succession—so likewise, subtract the cquiva- 
part post, and of the signs past, iu inverse order; 
^te be a remainder, multiply it ]py thirty and divide 
' of theOnsubtracted sign; add the quotient) in. ^ 

" to whole aigns, or subtract it from themthe leault' 
dni of the eoUpbo wgna) which is at ihat time upon the 

), from 1he'''eMt or west hoar-angle (nafa) of the^jun, in 
nadiii) having made a similar calculation, by means of the.^ttiv- 
ahmia in right ascenaon iJankodayd8ava&\ apply the rpu^iea an 
additive or aab|netive equation to the sun’a longitijne: thera- 
ault ia the poifl^B tiie ecuptic then upon the mendiu (modAyo: 

%ne),..-^VW Vi# 
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The watrd 2a^iia meana literally "attached to, connected with,” wd 
hence, " corresponding, equivalent to.” It is, tlicn, most properly, and 
likewise most usnally, employed to designate the point or tite arc of the 
equator which corresponds to a givcu point or iu:c of tlie ecliptic. In 
such a sense it occurs in this passage, lu verse 47, where tc^ndtavas is 
precisely equivalent to uday&mvoF^ explained in connection with the 
next preceding passage; also below, in verse 50, and in several other 
places. In versus 48 and 40, however, it receives a dificrent significa> 
tio7i, being taken to indicate the point of the ecliptic which, at a given 
time, is upon the meridian or at the horixon; the former being called 
lagnam kshilije^ “ lagna at the horixon "—or, in one or two cases eIso> 
wiicre, simply hgna —the otiicr rucciving the name of meulhgalagnOf 
“ ineritlian-fayjio.” 

The rules by which, the sun's longitude and the hour of tlie day being 
known, the points of the ecliptic at the horizon and upon the iiioridian 
are funnd, arc very elliptically and obscurely stated in the text; our 
translation itself has been neccswu-ily made in part also a para^dirase and 
explication of them. Their farther illustration may be best clYcctcd by 
.means of an example, with referenec to the last ligiiru (Kig. IH). 

■ At a given place of oltsciTation. as Washington, let the moment of 
local time—reckoned in the usual Hindu manner, from sunrise—be 18" 
12 * SP, and let tiiu longitmlo of the sun, ns corrceti'd by the precession, 
be, by calculation, 42°, or 1^ 12° : it is required t«i know the longitude 
of the point of the celijitic {lagim) then upon the eastern horizon. 

Let 1* (h'ig. 18) be tiie jdiiee of the sun, and II h the line of the hori¬ 
zon, at the given time; and li-t p be tlic ]<oint of the equator which rose 
'.with the sun; tlicn the are Is equivalent to the time since suurisc, 
18" 12* 3P, 01 Goour. Thu value of the cspiivaluni in oblique ascen¬ 
sion of the second sign TO, in whieli the siin is, is given in the tabic 

P resented at the end of the note iipitn the prcce.(ling passage as 1312P. 
'ofind the value of Uie part of \\.pg we make the ])rap<irtioa 


. or 


'T(i‘.VV,-\trf.pg 
30° : 18° i:il2i'; 78> 


From ph^ or 0555P, we now subtract pg^ T87p, and then, in succession, 
the ascensional equivalents of (he following si,.ais, OC and CTi—that is, 
ge^ or 1733P, and cl, or 21.37P —until there is left a rcrnaiiidcr, / A, or 
1898P, which is less than the eipiivaleiit or the next sign. To this re¬ 
mainder of oblique ascension the corresponding arc of longitado is then 
found by a proportion the reverse of that formerly made, namely 

iii:ZA;:LV:LH 

or 2278P : 1898P:: 30° : 25° 


The result thus obtained being added to A L, or 4", the sum, 4* 25°, or 
145°, is the longitude uf^ if. 

'llie arc pg is called in the text hhogydaavat, "the equivalent in respi- 
rationa of the part of the- sign to be traversed,” while is styled AAick- 
tAumu, "t^e respirations of the part traversed.” 

the other hand, it were desired to arrive at the ume residt by 
TCfaki 09 iag in the opposite direction from the sun to the horiren, either 
OB aocouBt of the greater proximity of the two in tbit direction, or for 
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ins otlier tfsason, tlie ftHnncr of proceeding would bfl somewhrt difiTcr* 
enC ThtiB, if A H (J‘'ig. 18) were the Hun^ lonmtude, and jpP the line 
of the ea^itciYi horizon, we should first find hp^ by subtracting the part 
of tlie day already clapped from the calculated length of the day (diia 
step is, in the text, omitted to he specified); from it we should tlien 
subtract the hhuktAmvaH, I and then tlie equivalciits of the signs 
through which the sun has already pawed, in iiivoiwe order, until there 
remained only the part of an eqnivalont, ;>//, which would be converted 
into the corn^spouding arc uf longitude, r(i, in the Ramc manner as 
before: and the subtraction uf Pfj from would give A I*, the 
longitude of the ]>oint 1'. 

Isiit again, if it be reqiiirod to ilctoriiiiue the point of the ecliptic 
which is at any given time upon the incridian, the gi-ncral process is the 
same as already explained, excepting that for the time from sunrise is 
substituti'd the time until or site'c noon, and aho for the equivalents in 
oblique ascoiihinn those in right iiveiihion, or, in the langmigc of the 
text, thetimes of rising at Lnidiu'' (fniiA’tj(/n>fastiroit)] siiicc the me¬ 
ridian, like the equatorial lioi-iy/iii, mts the equator at right angles. 

It will be observed that all tlie^ti* ciilcidations ii>siime the iiierenieiita 


longitude of t>) he proportional to iIkko of ax'eiisi'Ui throughout ea<’b 
sign; in a process of greater pri'ti-n.-ions to accuracy, this would lead to 
errors of sonic ennsequciice. 

The use and \alne of the nii-tlMfls In-rc taiighi, am! of the quantities 
found as their results, will ajqicar in the m.mjucI (see eh. l-t); vii. 7; 
ix. 5-11 ; X. ’J). 


Tiic term ks/ntija, hy whii-h ihp hurixon is 'lesigiiateil. may he undor- 
stwil, according to the im aning atJriluiti'd to ksfii/i (sec above, under 
ii. 61-63), I'ither as the “'■irele of >itMaii'iii"—that is. the one which is 
itopendent U|»on the >ituatioii of tin- o!iser\i'r, varying niih every change 
of place on his part— tir as the ‘■earth-cin-lc," the one produceil by the 
intervention of the earth below the oliser\> r, or ilrawn hy the earth 
upon the .sky. I^rohahly (ho latter is its inn- interpretation. 


50. Add together the as*ri‘nsiimal eijuivalents, in ro.sjuratioiw, 
of the part of the sign to be traversed by- tlic having less 
longitude, of the part Iravorsed by that having greater longitude, 
and of the intervening signs—thus is made tin- aseertainment of 
time {I'lihitthllitnia). 

5L. When the loiigitmlc *>(' the point of the ecliptic upon the 
horizon {Jatjnu) is les." than that of the sun, the time is iu the 
latter part of the night; when greater, it i.s in the day-time; 
when greater than the longitude of the .<«iin iiK;i.^as(;d by lialf a 
revolution, it is nder siiii.set. 


The process taught in these verses is, in a inaniicr, the conveTM of 
tliat which is explained in the preceding passage, its object being find 
the instant of local time wlien a given point of the ecliptic wj)! b^pon 
the horizon, the longitude of the sun being also known. 'Ibni (Fig. 18), 
suppoaing the Bun*a longitude, A T, to be, at a given time, 1* 12^ ;.,it * 
required to Icnow at what time the point d, of which the longitude 
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4* 25^^ will riso. The problem, is, viilnally, to ascertain tlie arc of tbo 
^j[uator intercepted between the point which rose with the snn, and 
4, which will rise with 11 , since that arc determines the time elapsed 
between snnrisc and the nsc of 11 , or tlic tinit: in the day at which tlie 
latter will take place. In order to this, we aseortiiin, hy a process sioii- 
Inr to that illustrated in coiincction with the last pasNii^e, the hhoyyA- 
saveu, “ascensional npiivnlent of llu* part of the si};n to be traversed,” 
of the point havinp^ less lon^ptmlo—or py — ami the hhnkiAgavas^ “as¬ 
censional ei]niv:ilent of the pait traMTsod," heloii^ing to II, the point 
baviiijv ^ivator loii^itmlo—or 2 /(—ami add the sum of both to that of 
the ascensional ccpiivaleiils of the iiitervcniiiir whole si^iis, 17 c and e f, 
which the text calls anliirafaynammitj “ ui[ni\.'ilent respirations of the 
intervalthe total is, in respirations of time, eorrespnnding to minutes 
of arc, the interval of thne rer|inred ; it will bo fuiind to i>c tfSSdi*, or 

. 18'> 12 '' and this, in Ibo ease assumed, is tlie time in the day at 
wbich the rise of 11 tala^ iiliiec: were il, 011 the other hand, the posi¬ 
tion of the sun, 18“ 12 '" yi* woiiM In- the time beliire sunrise of the same, 
event, ami would ri‘:|uire to be siibtraet<‘d from the ealculuteil length of 
day to give the instant of local time. 

' V - It is eviilent that tin? main use of this process must be to detennine 
'the hour at whifli a given planet, or a star of which the longitude is 
known, will pass the liori/.on, or at'wliieli its “day'* (sec above, ii. 69- 
63) will eommeiiec. A like metJiod — snhstitnting only the equiva¬ 
lents in right for thoM.> in ohli<jm‘ aseonsioii—might be employed in 
duterminiiig at what instant of h >'iil time the complete day, ah^Atraj 
of any of tlic lieaveniy bodies, r(■•■kon(■d from transit to transit across 
the lower meridnm. would eniiimi tiei:: ami this is perhajis to be re- 
gaixlud as ineluded also in tlic terms of verso ,60; even though the 
ibllow'ing verse plainly has referern'o to the time of rising, and the word 
layna, n.s used in it, means only tin: ]ioiiit upon the horizon. 

Thu lost verse we take, to hu simply an obvious and eoiiveiucnt rule 
for determining at a glam-e in whii-li part, of the civil dc.v will take 
pIlKC the rising of aii\ gi\eii point nf tin; ecliptic, or of a planet occu¬ 
pying that point. If the longitude of a plam-i be less than that of the 
snn, while at the .sanu- time, they are not more, than three signs apart— 
tills ami the other eorre-tponiiing rostrietions hi point of distance arc 
plainly implied in the ditlerent spicilieatioii'. i>f the verse as cuuipared 
with one another, and are accordingly evpiieitly stated hy the coninicn- 
tator—the hour wln-ii that planet eomes to assume the position called 
in tlic text layrta, or to puss the eastern horizon, will evidently be 
between midnight ami sunribc, or in the after pait (yMka, literally “re¬ 
mainder”) of the night: if, again, it be more than three and leas tjl^i 
six signs behind the sun, or, which is the same thiii|r, more than six'i^d 
less than nine signs in advance of liiin, its time of rising will l)e between 
■unset and midnight: if, once more, it be in advance of the sun by loss 
than six signs, it will rise while the sun is above the horizon. 

• 

The next three chapters treat of the eclipses of the sun and moon, the 
fonztib beinjg devoted to lunar eclipses, and the fifth to solar, and the 
iSzth) containing directions for projecting an eclipse; 
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CHAPTER IV. 

OP ECLIPSES, ANO ESPECIALLY OF L17XAB ECLIFSiES. 

ComnRB:--!, dimensions of the sun and moon; 2-3, measurement of their apparent 
dimeunons; 4-5, measurement of the earth’s shadow; 6, conditions of tlie occur* 
rence of an eclipse; t-8, ascertainment of longitude at Ute time of conjunction or 
of opposition; 9, causes of eclipses; 10-11, to determine whether there will he 
an eclipse, and the amount of obsenmtion; 12-15, to find lialf tlie time of dura^ 
tion of tlie eclipse, and half that of total obscuration; lG-17, to aaceiiain tha 
times of contact and of se]j>iralioii, and, in u total eclipse, of immersion and 
■ emergence; 18-21, tu (littiTmiiip Die anionnl of obscuration at a given time; 
22-23, to iinil the time cnrre.s|H)iidiiig to a;;!von amount of obscuration; 24-26, 
measurement of the deflection of tin* ccliptio, at the puint occupied by tho. 
eclipsed body, from iUi esuit and west lino; 2G, curniclioii of the st'ole of piojeo*',^ 
tion for diffureuco of altitude, 

1. The diaracler of the sun’s disk is six thousand live hua- 
dred yojauas; of tlio moon’s, li)iir liimdro'l and ei.^lily. 

W'c slisill .s(M', in with th • in-xt that the diuineten 

of the aifii mill iiiwiwi, as lints Matod, U'>‘ '•nbji i-t lo a i-iiriitiis inodilrca- 
tion, th'jn'nilisiit upon .-uiil ri'iin-si'iitiim tlif l,'! alcr h-ss ili<<tiilicu of 
those oui lies I'rriin llic; I'artli; mi lliai, iii a >‘011 in sense, wc ha^ chore 
only- their mean iliauieters. These rejneient, mwi ver, in the Hindu 
theory—which atlee.ts rejeet tlie, siipim-sitiuTi nf nther orbits than such 
as arc cirenlar, and dcM-ribed at etpiiil •lisLiint?es .ibont the earth—the 
Inic ahsoliite diinensinns nf the siin and innon. 

Of the two,-only that r‘»r tlie m-iijn is ol-taiiie y a lopcitirnate, pro¬ 
cess, or presfMils any near approxincili'iii l'< llie It TJie diaiaetur of 
the earth beitiir. a.-' slatoil alhn e (i. "i!)). lODo yujana'*, tlial of the moon, 
480 yojanas, is ..'I of if: while llie frm- value of flu* union's duimetor in 
terms of the. earth's is .‘JTIG, or only about a tenth less. An estimate 
KO nearly correet. snppoM‘s, iif eoui'so. an ei|ii:dly eorreiU determination 
of the moon's liorizontal ]iai'ullfix, distance from Ihc oaith, and mean 
apparent diameter. The llindn valuation of the. pivallax may be de¬ 
duced from the. value, given just below (v. >2), of a minute on the moon's 
orbit, as 15 yojnnas. Sinoc the moon's iiori/ontal paralla.\'s equal to 
the angle subtended at her centre by the earth's radius, and since, at 
the moon's mean disUiuee, I'of are eipials \ % y<<jiinas, and the carth'a , 
radius, 800 Yojanns, ivouhl aerordingh sid'leiid -in angle of 53'20*—the 
Tatter angle, 53' 20", is, aeconling to the system rf the Hi.:'ya-Siddh&iita^ 
tlie moon’s parallax, when in tlie horizon and . t her mean distance. 
This is considerably less than the actual value of the quantity, as deter¬ 
mined by modem science, namely 5T" 1'; and it is practically, in the 
calculation of solar eclipses, still farther lessened by 3' 51^ the excess 
of the value assigned to tlic sun’s horizontal parallax, as wc shall see 
farther on. Of the variation in the parallax, dao to tho varying distance 
of the moon, tlie Hindu system makes no account: the variation ^ octu- 

17 ' '■ 

• ■ I vr 
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ally nearly 8', being from 53' 48", at tlic apogee, to 61' 24", at the 
perigee. 

Ilow the amount of the parnlhix was determined by the Hindus—if, 
indeed, they h.nl the instniiuentN and the skill in observation requisite 
for uinking IIioiiiscIvok an indcpcndciii determiiiation of it—wc arc not 
informed. It is not to be supposed, however, tlint an actual estimate of 
the mean horizontal parallax us pr ecisely 53' ^0" lies at the foundation 
of the other elements 'uhieli seem to rest upon it; for, hi the iiiuking 
up of the ariilieial Hindu system, all tliitse elements have been modified 
and adapted to one another in such a in:inrior as to produce certain 
whole nuiiihers as their results, ami so to l>e of more eonvenient use. 

From this p.ai'allax the innou's dislauec iu:i\' be deduced by the pro¬ 
portion 

sin 53' ?o" ; 11:: niirdi'ii rsd.: mnoii'y diat. 
or .53'4 : 3l3iS';; Sficy: 5i,57oy 


The Ridiiis of tbc nuxui's orbit, Ibcu, is r*I,r)7n \ojnnns, or, in tenns of 
the earth's radius, 01.47. 'I'lie true value of the moon's ineuu distance 
is 59.0G radii of the enrtli. 

The fartlier projKirliou 

3.t3H': 54f«>':: 5"’,57(^y : fii.fMwiy 


would give, as tiio valm* nf a i|n;ulr;int nf tin- minin's, orbit., 81,000 yqja- 
iias, ami, as the wlioli- orbh, Mij-.inus. 'i'Jiis is. in fai-.l. the cir¬ 
cumference, of liie. orbit assiiiiifl liy III" >y<li iu, aiui in aiiotlu-r 

place (\ii. Siiiec, bowcicr. Ibr lunori's ilistaiice i.** iiowberu fissuiuctl 
as ail ob'meut iii any «>f'tlu* pr'.iiM-".i-s of llie s\st''iii, ami is cmti dirorted 
(xii. S-t) to be Ibumi iVoni llic ciri.-iniircrcijce of tbe orbit by tbc false 
ratio of 1 :%/)(>, il is ]irobal)le that it was also inade no ai:couiit of in 
constructing tbc. svstiin, uml tbai tin- relation's of tlio imion's parallax 
and orbit were fixeil by some, siicb |iro]i>irtioii as 

53' jci" ; 30ii‘'■ 33.io.rt)y 


The moon^ orbit being l,uoo iikjaiia^. tin- a-ssigmin'iit of -ISO yoja- 
naa as ber dianii-tcr im|>li(-'. a deti'niiinaiion of iitr apriarcnl diameter 
at her Tne.an dislunec a^ if J'; siin i- 


3o.')‘': 3a':: 3'».l,<<oiiy; y 


The moon’s mean ajipan-nt «ii.'um lfr is actually 31' 7". 

Tn order to umlciMaml, farllior, bow tbe •limeii.si.iiis of the sun’.s orhit 
and of the sun liimsclf arc dotorminc<l bj, tin: llimlus, we liavc to notice 
that, the moon's orbit iicing M'2t,(Hj(i yojiuias, uml her time of sidereal 
revolution 2V‘*,32lG741(i, tlie am^uint of her mean daily motion is 
n,858?.7l7. 'Ilie Hindu system now .issuines tiiiit ibis is the precise 
amount of the actual mean daily iiKdioii, in space, of all the planets, 
and ascertains the dimensions of their several orbits by iiiultijilying it 
by the periodic time of revolntiitn of e.ach (sec below, xii. RO-GO). TJie 
length of the siilcreal year being 3C5/*.2r>R7.504S, the sun’s orbit is, as 
statorl clsf;wbcre (xii. RG), 4,3.‘11,o00 yojniias. Fi-om a quadrant of tJiis, 
by the ralio^5400': 34!1S', .we derive the sun’s distance from the earth, 
688^436 yojanas, or R61.R radii of the earth. This is vastly less than 
his true distaucc, which is about 24,000 radii. His horizontal parallax 
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is, of connc, praportionall}' ovur-esitiniated, being niailc to be nearly 4^ 
(more exactly, 3' C9^'.4), instead of 8".6, its true value, an amount so 
small that it sboiild projierly have been neglected as inappreciable. 

It is an important property of the parallaxes of tiiu sun and iiioon, 
resulting from the inaiiner in which the relative distances of the latter 
from tlio eardi are detenniiicd, that they arc to one another as the mean 
daily motions of die planets respectively: that is to say, 

53' ao": 3' Sy":: 790' 35": 59 ' 8" 

Each is likewise very iicurl}' one fifteenth of the whole mean daily 
motion, or equivalent to die amount of arc traversed by each planet in 
4n&d1s; die dilfcrcncc being, for the innun, about 38", for the sun, 
about 3". AVe shall sec tliiit, in the calculations of the next chapter, 
these differences arc ncgicctcil, and the parallax taken as cquid, in each 
case, to die mean motion <hiring d nfulis. 

Tlic circuinfercnccr of the sun’s orbit being 4,331,''00 yujanaa, the 
assigninent of (ioOO yojanas ns his diameter iiiiplii-s that his mean appai*^ 
ent diameter was considercil to be 3%' '24".8 ; for 

3<io‘': 3a' a4".8:: 4.33r,5rmy: (VkkS 

Tlie true value of the sun's apparent diumetir at his moan distance is 
32' 3".0. 

Ilic results arrivcil at by tlic ^iri-ck astroiionii.-vs rcl.'itivc to the paral¬ 
lax, <listanei>, and magnitiidc of the siiii uiiil nuMiii arc not gready dis- 
ror<hiiit widi llmse lu-ve ])n-sfiiti'd. Iliiipaivhii*. lound the moon’s hori¬ 
zontal parallax t(» be .'iT'; Aristiiri-lins lual pn-\ iiiii>ly, b\ ob>urvation 
upon lli<> angular di-t.-iin-e of tlw -iin and nioun \\lii. ii ihi- lalU-r is balf- 
illnmiiiutcd, iinvlc llirir rclutiic •lisl.'un'cs lo > i- a.- iU to i ; this gave 
Jlippardiiis :t' as the snirn parallax. I'tolciuy makes tlic iiic-an dis¬ 
tances 4if the, sun and moon IVoiii the earth cijinil to 1211) and .'iU radii 
of the. earth, and their ]i:iriillaM s ■*l"aiid ."i.S' 14" respectively : he 
also sbiles the tliaiiietev «if the muon, earth, and sun to be ns 1,3 
ivhilc the Hindus make them as ami and their true values, 

us determined by imdcrn science, are as and 412^, nearly. 

2. These iliaim'ters, caoli multiplied by the true motion, and 
divided bv tlie moan motion, of its own planet, give the cor- 
ivcted {spfiufn) diameters. Jf that of the sun be multijiliod by 
thu number of the suii'k revolutions in an Age, and divided by 
that of the moon's, 

8. Or if it be multiplied by the moon’s orbit {kahhd)^ and 
divided by the sun’s orbit, the result will be its diameter upon 
the moon's orbit: all those, divided by iilleen give the measures 
of the diameters in minutes. 

The absohitc v.*ilncR of the ilianiotcrs of the sun and moon being 
stated in yojnnns, it is rc(piire«l to liinl their ap]>arent values, in minutes 
of arc. In onler to this, they are projcrtcil upon the mooifs orbit, or 
upon a circio described about the earth at the moon’s mean distance, of 
which circle—since 324,000-7-21,000=15—one minute is equivalent 
to fifteen yojanas. 



128 


sSHrya-Suidhdntaj [iv. 8- 

Tlie metliod of the proceae will be miide clear by the annexed fignte 
{Fig. 19). TiCt E be the eartli’a place, £ M or £ m the mean diitanue oC 

Fig. 19. 


I 

I 


the moon, and E 8 the mean disbinee of the .oiin. Let 1' U equal the 
sun's diameter, G5007. lint now lot the sun lie at the grositcr distance 
£8': the part of his mean orhit which his disk will cover will no longer 
be TU, but a less quantity, t it, and in will be bi T U, or 'P U', os ES 
to £8'. •But the text is not willing to acknowledge here, anymore 
than in tlie second chapter, an acftial inequality in the distance'of the 
aun from the earth at different times, even though that inequality be 
most uncqnirocally implied in the processes it prescribes: so, instead of 
ealculating £8' as well ns ES, wliich tlic method of epicycles aflforda 
full facilities for doing, it substitutes, fur the ratio of E8 to ES^ the 
inverse ratio of the daily niutioii at the mean di.HtancL- ES to that at the 
true distance ES‘. Tlic ratios, liowt-vcr, are not precisely equal. Tlio 
are arn (Kig. 4, p. GT) of the. eccciitrie circle is supposed to be trav¬ 
ersed by the suii or moon with a uiiifonn velocity. It^ then, the motion 
at any given point, ns m, wore perpendicular to Ew, the apparent mo¬ 
tion would be inversely as the distance. But the motion at m is per¬ 
pendicular to e m iiibtead of E m. The resulting error, it is true, and 
especially in the case of the sun, is not very great. It may be added 
that the eccentric circle w'liicli best represents the apparent motions of 
the sun and inoi}ii in their cHiptie orbits, gives miic}i more iiiijierfcctly 
the distances and apparent diameters uftlmsc biNlius. Tlie value of fn, 
however, being thus at least approximately determined, f'u', tlie arc of 
the moon’s mean orbit subtended by it, is tlicn found by Uic proportion 
ES:Em (or KM) u '—excepting that here, again, for tlic ratio 

of the distances, E S and E M, is substituted either that of the whole 
circiunfcrenceB of which they arc respectively the rarlii, or the inverso 
ratio of the number of rcvolntioiis in a given time of the two planets, 
which, as shown in tlie note to the preceding passage, is the same 
thing. Having thus asce.rtainexl the value, of Vu‘ in rojanas, division 
hy 15 gives us the minibcr of minutes in the are. Vu*, or in the angle 

In like manner, if the moon be. nt less than her mean distance iirom 
the earth, as K M', she will subtend an are. of her mean orbit no, greater 
tlian N 0, her true diameter*, the value of no, in yojanas and in minutes, 
is found by a method precisely similar to that already described. 

Tlicre is' liardly in the whole treatise a more curious iiistanca than 
this of the mingling together of true theory and false assumption in the 
■ame process, and of the concealment of the real character of a proeem 
'l>y sttbiitituting other and equivalent data for its true dements. 
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We nieet fi>r Uie first time, in tliis pattaage, tlie term employed in Uie 
treatise to designate a planetary orbit^ namely iakahA, literally border, 
girdle, periphery” The value finally obtained for the apparent diame¬ 
ter of the sun or moon, as later of tbe shadow, is styled its mdna, 

« measnre.” 

In order to famish a practical illustration of the processes taught in 
this chapter, we have calculated in full, by the metliods and elements of 
the Sfiiya-Siddhitnta, the luuar eclipse of Feb. Qth, 1800. Rather, how¬ 
ever, than present the calculation piecemeal, and witli its different pro¬ 
cesses severed from their natural coiiiicction, and arranged under the 
pwages to which they severally belong, we have preferred to give it 
entire in tlic Appendix, whither the i'<>adcr is refeiTcd for it. 

4. Multiply the earth’s diameter by the true daily motion of 
the moon, und divide by her mean motion: the result is the ( 
earth’s corrected diametor {siid). 'I’hc dilferenec between the 
earth’s diameter and the corrected <liameter of tlic sun 

5. Ls to be multiplkiyay tin* moon’s mean diameter, and divi¬ 
ded by the sun’s m^^Hiamoter: subtract the result from the 
carth^s c-orrected diiit^ir (sf/cJ), and the remainder i.^ the diam¬ 
eter of the shadow; which is reduced to minutes as before. 


The iiietliod ciiipInYcd in thi)- proci-ss for fiiidini; the* (liainctcr of tlie 
earth's shallow iipnii tlif iii(»oti'o incun orbit may be explained by the 
aid of till* tblUiwiiig Kguiv (Fig. ‘.m). 

As in the hist Hgtirv, li-t K n-'pivsiMit thf* earth's phu'C, S and M points 
in the iiicuii orbits of the sun ami moon, ami M' the moon's actnal 


place, bet t u be the sun's currcelcd iliaiiictur, or the part of his mean 
orbit which his disk ul its actual ilistaiicc covi-rs, ascertained as directed 


in the precciliiig })usKage, and let l''<i be the earth's diaiiieter. Through 


‘JO. 


I- 





F and O draw i' F/and todff parallel to S ^f, and also tT'A and uGk: 
then Ak will be Uic diameter of die shadow' wli. re the moon actually 
enters it. The. value of A A evidently equals(or FG)—; 
and the value of /A-^ffk may be found by the projwrtion 

Fi> (or ES): u (or Ffl) :: F/(or EM') 

But tho Hindu system provides no method of measuring the angnlar 
value of quantities at the distance EM', nor does it ascertain the value 
of EM- itself: and as, in die last process, tbe di||setef of the moon.. 
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waa reduced, for ineasiireinent, to its value at tlie distance EM', so, to 
be made commensurate with it, nil the data of tliia process lunst be 
similarly modified. Tliat is to say, tlic proportion 

EM': EM: 

—substituting, as bcfoi'c, the ratio of Uie iiiuou's mean to her true 
motion tor that of EM'to EM—^ives which the text calls the 

auet: the word lucaiis literally “ needle, pyrumid ; wc do not sec pre¬ 
cisely how it eoiiies to be employed to designate the quantity^jt', and 
have translated it, for lack of a betUw term, and in analogy with tllic 
language of the text respeeting the diameters of the siin and moon, 
« corrected diameter of tlie earth.” It is also evident that 

E M':/A-fy A:: E M :/ 4'+//' A' 

hence, substituting the latter of these ratios for the funner in our first 
proportion, and inverting the inhhlle terms, wc have 

E S : !•: M :: < M - V (J:/ A' 

Once more, now, we ha\c a substitution ofj^ios, ES: EM being re¬ 
placed by the ratio of the. sun's mean ili^Hpr U> that of llii* moon. 
Ill this there is a sliglit inni'ciirni'V. 'rin* siifl^ntioii proceeds upon the 
assumption that tlic iiu-aii apparent vulut's of tlu? diameters of the, sun 
and iiiooii are pivci.oelv i‘i|ual, in wliicii ease, of coiii-vo, thcii' absolute 
diameters would be as their di.«t!iiires; but ue have seen, in the note to 
the first \ersu of this ehapter, that tin- moon's mean aiiiriilar diameter is 
mode a little less than the sun's, the toninT bciii!; .J’J', the latter yj' 

The error la cvnleiitly neglected us being loo small to iinpuir scMisibiy the 
correctness of the result olilaiucd : it is not east to si-e. however, why we 
do not have the nitio of the mean distatices represented liere, ns in verses 
2 and 3, by that of the orbits, or by llial of the revululioiis in an Age 
taken inversely. The substitnliun being inmle, we have the final |)ropor- 
tiou on which the rule in the text is based, \iz., the sun's mean diaiiietur 
is to tlie moon's mean diameter as tin. excess of the sun's eoiTei-tcd 
diameter over the aetual iliaineter of the earth is ton quantitj' which, 
being subtracted from the xaci, or coiTocted diameter r-'i tlie <‘artl], leaves 
as a remainder the diameter of the shadow os projected upon tlic moon’s 
mean orbit: it is expressed in yojaiiu.s, but is redu«‘.cd to minutes, os 
before, by dividing by fitleen. 'I'he earth's ].emiiiil>ra is not taken into 
account in the JJindn process of cnlenhiti<m of an eeiipsc. 

The lines arc treated here as if they wore straight lines, 

instead of arcs of the nioon’s orbit: but the inace.uracy never comes to 
be of any account praelienlly, since tlic value of these lines always falls 
inside of the liiuit-s within which the Jlimlii inctliods of calculation 
recognize no difference between an arc and its sine. 

6. Tlic eartlvH shadow is distant half the signs from the sun: 
when the longitude of the moon’s node is the same with that of 
the shadow,, or with that of the .sun, nr when it is a few degrees 
greater or less, there will be an eclipse. 

To the spccilirations of this vei-se wc need to add, of course, “ at the 
time of conjunction or of opposition.” 
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It will be noticed that no attempt is made here to define the Innar 
nnd solar ecliptic limits, or the distances from the moon’s node within 
which eclipses arc possible. Those limits arc, for the moon, nearly 12^; 
fijr the sun, more than 1 1°. 

Tltc word used to desijrnnto “celipse,” ffmhana^ means literally 
" scisiire”: it, with oilier kiiulreil terms, to be noticecl later, exhibits the 
iiiflncncc of the primitivo theory of eclipses, ns scixiirus of tlic heavenly 
bodies by the monster IWiliu. In vorees 17 and 19, below, instead of 
we liavc grahu another derivative, from the same root grah or 
grabh, “ j'rasp, seixe.’’ liise.wherc gruha lUivcr oeenrs iixeupt as si^ipiifying 
**planet," and it is llie only wor<1 wlii.-h the Sfirya-Siddhaiita employs 
with that signiHealioJi ; as so ii<>ed, il. is an aetive instead of a passive 
derivative, meaning “seize.r,’’ami its ii|)|)Ili-ution to the planets is due 
to the iLstrologi<;al eoinrepliijn of thi-ni, as prmers which ‘‘lay hold upon” 
the fatc.s of men with their .■cipenialiiral iiillucma's. 


7. The lougitmh'.s of llio s'ln and moon, at the moment of 

tbc end of tbo clay of new moDii nro equal, in signs, 

etc.; at the orid of the day of lull moon {}iavrnaninjst) they are 
C(;[ual in degree's, c-te... at a cii.-^iaiuie. cif luilf the sign.s. 

8. Wlieu dimilli.dii'd or imTi’a<ed by the proper equation of 
motion for tlie tiuif. or !<> eorne, of oppodrio)! or eonjunc- 
tion, they are iiiaili- to a;‘Tee. to mimiti-s; tli-'. pliiee of the node 
at Iho saiuii lime is treati-d in llio cniitrary iiianm.T. 


The \crv iri-in'ral illrn-iioii^ ami l■vplau.■^lilln> iT-ntaiiicl in vcr.«os fi. 7, 
nnd n seem tiiil- iif |•ial'l* Ikti; in t]i>‘ mi<l>l!i> tin* i-liaptc-r, and would 
liavi* more ]wopi-rl\ •■ou'.iiuiU’d it- iiitviuliii-Tinn. 'I’lw process prescribed 
ill verse S. also, wliieli lia.- i*'r ii- i.liji-i-t the ilelc-rmiiiatioii of the longi¬ 
tudes of the Min, iiiiHiii. ami iiiohm's iioilc, ai the moment of opposition 
or coniunetion, oiiglii. no le.s., it wniild appear, to piveile the ascortain- 
mcni of the true ineiions, ami of the. nn'asiire'C iif the ili^ks an<l shadow, 
already explaiiieil. Verse S. iiiile<''l, by the laek of eonncetioii in which 
it slamls and bv tlu‘ ohsi'iirilv of its laiii'u.aLfe, furni.«lies a slrikinir in- 
stance of the w.ant of jireeisioii am! iiUelliiiiliility si> often characteristic 
of the treatise, 'fhe subject of the verse, whi<‘li rei|nives to he supplied, 
Is, “the loMgit.iide.s of the sim ami moon at ihc instant of midnight next 
preceding or following the given opposition or eonjunclion "; that buiiig 
the time for whieh the true longitudes and motions arc first calculated, 
in order to test tin; ipiestion of the proliability of an eclipse. If there 
appeal's to bn such a probability, the next step is t(.> a;>(-ertain the inter¬ 
val between midnight and the moment of oppo.^ition lor eonjimction, 
past or to come: this i.'^ done iiy the method taught ii ii. 66, or by some 
other analogous proees.s: the instant of tin* oeeurronec of opposition or 
conjunction, in loeal time, eouiited from sunrise of the place of observa¬ 
tion, must also be determined, by ascertaining the interval between mean 
and apparent midnight (ii. 46), the. length of tbc eoinplotc day (ii. 59), 
and of its parts (ii. fii)-6:t), etr.; the whole process is sufficiently illns- 
tr,ated by the two examples of the calculation of eclipses given in the 
Appendix, wc have thus found the interval between midnight 
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and the moment of opposition or conjunction, verse 8 teaches us how to 
ascertain the true lons'itiulcs for that moment: it is bj calcnlating—in 
the manner taught in i. 67, but with the true doily motions—the 
''iunount of motion of the sun, moon, and node during the interval, and 
a|>p1ylug it as a coiToetii'e equation to the longitude of ciich at mid¬ 
night, subtracting in the ease of the snn and moon, and adding in tlie 
ease of the node, if the moment was thi'ii alrcafly j>ast; and the con- 
traiT, if il was still to come, 'riien, if tlic proccffl has been correctly 
perforiiu'il, the longitudes of the sun and moon will be found to cocrea* 
pond, in the manner reqniivil hv vem* 7. 

For the days of new and full iiioiui, and their appellations, sec the 
note to ii. 66, above. The ti'i'lniii'al oxpre.ssion employed here, as in 
one or two titlier p.‘i‘.«:a*res to di'sii;nat(' tin* “inomciit of opposition or 
conjunction" is iHirntiKiih/ns, “uadis of tin- jMinuni" or “lime of the 
jxzrvan in imilis, etc .^nirran means literally “kiioh. joint,” and is fre- 

3 iietitly applied, as in litis term, Ui ileiiote a eonjunctiire, the moment 
lat distingiiiOics and separates two intervsds, and c.spcciully one that is 
of proniinuneo ami iinpoilance. 

9. The moon is tlio ccliji.'sov of the .'snn, coming to stand under¬ 
neath it, like a. clond: tiuf inooii, moving eastward, enters the 
earth's shallow, ami the latter hecoims its oclii>sc*r. 

The names given to the celipsed and cc1i])sing lioilios are cither eftdefya 
and, as here, chadaka^ “the body to be ohsi'urcd” and “tlic obscurer,” 
or gr&hya and grakaka^ “the body to ho seized” and “the scizer.” 
The latter terms arc akin with •graharia and graha, spoken of above 
(note to V. 0), and represent the ancient theory of the jdienomona, while 
the otliers arc derived from their iiiudcni and bciciiliflc explanation, ns 
{fiven in this verse. 

10. Subtract the moon’s latituilo ni the timo of rq)positioTi or 
conjunction I'rom half the simi ')f iho mi-asiire.'; of Llio eclipsed 
and eclipsing bodies: whatever the remainder i.'<, that i.ssaidto 
be the amount obscured. 

11. When tlisit remainder is greater than the eclipsed body, 
the eclipse is total: when the contrary, it is yiartial; when the 
latitude is greater than the lialf sum, there takes place no obscu¬ 
ration (fj/rdia). 

It is sntlicicntly evident Hint wIm'ii, at t)u’ iiiomenl of opjiosition, the 
moon's latitude—which is the <1istaiicc of her (‘ciili'C from the ecliptic, 
where is the centre of tin* sliadiov—is equal to the sum of tlic radii of 
her disk and of the shadow, the disk and tlic slnulow will just touch one 
another; and that, on the otlier hand, the muon will, at the moment of 
opposition, he so far immersed in the shadow as her latitude is less than 
the sum of die radii: and so in like manner for the sun, witli due allow¬ 
ance for parallax. The Hindu mode of reckoning the amount eclipsed 
is not by digits, or twelfths of - the diameter of the eclipsed body, which 
method we have inherited from the tirccks, but by minutes. 
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llic woid ffrdsa, used in verse 11 ibr obscuration or eclipse, means 
literalljr “ eating, devouring,” and so speaks more distinctly than any 
other term wc liavc had of the old theory of the physical cause of 
eclipses. 

in. Divide by two the sum and difference respectively of the 
eclipsed and (Kilipsing bodii's: from the square of eacn of the 
resulting quantities subtract the sjpmrc of the latitude, and take 
the-square roots of the two remainders, 

13. These, multiplied by sixty ain] divided by the difference 
of the daily motions of the sun and moon, give, in nudfs, etc., 
half the duration {slliiti) of llie cclij^sc, and half the time of total 
ohscu ration. 

TIicsf! rules for Hading the intervals r)t'-tinic between the moment 
of ojijtoiiitiun nr l■oniulJetiull in loiii;itude, ^^liicli is regiirded as the 
middle of the (;('li|*si‘, and the inmiieiits of tirsl un^l last coiitaet, and, in 
a tutu! L‘clip.se, of the ht-ginuiiig and end of total oWenration, may be 
illustrated by Jiclp of the uiiiiexud tigiire (I'ig. -1). 

Ijct lib' L repreiiviit the eL'li])tie, the point L' being the centre of the 
aJiadow, and let (' ]J be the iiiDon's latituile at the moment of opposi- 


Fi;r. il. 



linn; which, for the. present, we will suppose to remain nnelisiigcil 
tiinnigh the atIioIc ooiitimiaiice of the oelipse. It is evident that the 
first contact of tin' moon Avilh the sIi.-hIhaa will tak'' place Ai-hen, in the 
triangle C .-V M, AtJ oqnal^ the nioon'< llistam-c in longitude from the 
centre of the shndoAA', ,\ M her latitude, and (’’.Xf the 'Uin of her radius 
and that of the shacluw. In like in.aiiiier, the inonn A\ill disappear en¬ 
tirely Avithin the slnnloAV Avhen B (' eqii.iks her distance in longitude from 
the centre of the sh.-i'low, BN her latitude, and ON the diffcivnc-c of 
the two railii. I/pmi .siihtriOetiiig, then, the. sqn.are of A M or® N from 
those of C M and (' N respectively, and taking the square roots of the 
remainders, Ave sli.all liaAO the values of A C and 150 m minutes. These 
jnay be ruducud to time by thu following proportion: as the excess at 
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the given time of the moon’s true motion in a day over that of the sun 
is to a day, or sixty iiitdis, so arc A (J and UG, the amounts which the 
moon.hns to gain in loiigituilo n]ioii the suii licta'ccn the niomeiits of 
contact and iiinncrsitm respectively and the moment of opposition, to 
tlic corri'*-poriiliiig intervals of time. 

Blit the proic'-s. as thus conducted, involves a serious error: tho 
moonV latitndi'. instcicl of ivniaining constant during the eclipse, is COU' 
stantly and si-iisilily changing, 'riius, in the figure above, of which tho 
conditions an* tliosi* timnd by the. Iliinlii jimcesses for the eclipse of Feb. 
6th, ISUO, till' inoini's paili, ii|ste:id of liciiig upon the line UK, parallel 
to the i i-liptic, i.s rralli ii[ioii It. Tlio ohjcLt of the process next 
taught is to get rill of this error. 

14. Multiply tlio daily inoiiniis liy the. half-duration, in nadis, 
and divide l\vsi.\ty: tlii’‘n'.sult. in iniiuiU'.s subtract for the time 
of contact (and add Hir that of scjiaration (;moJesha)j 
respectively; 

15. By the lalimdis tliciico dcrived, Iluj half-duration, and 
likewise the hairtiinc of total oUsenration, arc to be calculated 
anew, and tho ju-occ.s.s rcjii'iitcd, lu the ease of the node, the 
pniper conoidimi, in niiunlcs cu-., is to be applied in the con¬ 
trary manner. 


Thi.s ini'tlinil iif r-IIniiiiat'iig tin* I'lTor invobr’d in the supposition of 
a con^tiiiii laiilii'li-. nnd of lll•t:lilliMg :iiui|lii-r iiiid iimiv iici'iiriite detcr- 
iniuatiiui of the iiiii-rviii-< liotMi-en lln- lUniiieiiL of ojipo-sition .iiid those 
of first nnd I:iM riiiit:ii-t. ami of iiiinieroioii and eincrgeiice, is by h series 
of succc.‘!.<.i\e ap]iri)ximaiioii-. I’nr iii-lnnee: AC, as alresidy determined, 
being .''i>«iimied a.s tin- inierval ojipo^ition and first contact, a 

new calculation of tin moon's longinidc is m.-nlc for the moincRl A, and, 
with this and Ihe sum of tin- railii. a new value i.-< found foi AG. But 
row, as the pusilion of A i.- i-hiingi-il. ihf formi-r determination of its 
latitude is vitiatfd and miisi In-nimli' am-w, and inade to furnish anew 


a corrected miIui- of A<': ami 
with the degrei- of ai-i-nrai-y |■l■■|nil 
sej^rntely. ^lf eoinsi', f.il- «-m-h of tin 
Jatitiidc is im-reaojng. as in (he i-a 


on, iinlil llm positioii of A is fixed 
-■-.j. 'fin- iir-ii-i-^s iniisl Ik; eondiieted 
• f-i'.ir afieeted', since,where 

-I- illiciiratid, the true, values of .\G 


and BC will In- gn-airr Ilian their mean vahnx while (iG nnd PC, the 
true intervals in tin* after piivl of the eidi]t>e, will he U»s than AC and 
IIC: and the contrary wln-n latilmh. is dt-erca.^iiig. 

We have illiiMrated these proecsscs hy reference only to a lunar 
eclipse: their applienlion to the eomlitioiis of a solar eclipse retjuires 
the introfliietion of niKiliioi' eiement, that of the parallax, and will be 
explained in the notes upon the iie.vt ciiapter. 

The first eoiitaet of the eclipsed and celifming bodies is styled in this 
passage prayrahn^ seizing upon, laying hold of;” elsewhere it is also 
called *• devonring,” aiul xj^irpa^ “ tnnehingthe last contact, or 
separation, is named maksha^ release, letting go.” The whole duration 
of the eclipse, from contact to separation, is the stAiti, " stay, continn- 
abue;” total obscuration is virnaraa, “crushing out, entire destruction.” . 
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16. The middle of the eclipse is to be rcf'ai'dcd as occurring 
at the true close of the lunar clay: if from that time the time of 
half'duratioiL be subtracted, the moment of contact {grusa) is 
found; if the same be adth*il, the moment of stsparation. 

17. In like manner also, if iiotn and to it tluire be subtracted 
and added, in the case of a total eclipse, the half-time of total 
obscuration, the results will be the momenta ciillcd those of im¬ 
mersion and emergciu'c. 


The instant uf true uppusitiou, or of <'i]ipni'r'iit fonjunctioii (sccbelon', 
under cli. v. 9), in longitiuU-. of tlio siin and iiiooii, is to ho taken as the 
middle of the culipKO, ovimi tlioiiirli, owing to lln- nioiioii i^f the moon in 
latitude, and also, in a scilnr tM-lipsi*, to p!ii':illn\, that. in»laiir is nut mid¬ 
way hetwcufi those of i‘onta>'l and si'panUion, or of iiniiicrsion and 
emergence. To n.si'crlain the inonifiil of liH-al time of (-acli of these 
phases of the eclipse, we siihira<-t and add, iVoin and to lln- local time 
of opposition or conjnnetioii, the true inti-rval- i'nniid hy the processes 
described in verses I'i to I."). 

The total disuppi'.'irani'e of llio (■I'lipvcd body wilhin, or hidiind, the 
eclipsing body, i> railed iuiniiauu. literally tlir "rloMirr of the eyrluls, 
ns ill winking:" its Hi>t ri>ninii‘iii-i'nii-iit. of reiippi arinre is sttled uumt- 
lanUf “ parting of the ryrlid-, |•'■l•pillg.'' \Vr tr in'»laii‘ tin* terms by 
“immersion" and “enn'iireii.'i*'' ri”«pi''iivrly. 


18. If from ludf llu' duraiinn ol' tlic .'iiiv given iuter\'al 

be subtracted, imd tin* rL'inaiinler inuir!])lii>il by lln- ilitibronco uf 
the daily inotionsof tln'siin :iu(l imooh. aii-! ilivided by sixt}', the 
result will be tlio perpcndiciil.-tr t.'.--.//') in miiintis. 

19. In the en.'^o of an eclipse [i/ruha) of the .«nn, tlie perpen¬ 

dicular in minutes is lu be innlliplii'il by tin*, iiiea i inilf-duration, 
and divided by tlic true hall'-dnration, to give the true 

perpendicular in niinute.s. 

20. The latitude- is the : ilie sijnare root of the 

sum of their .squares i.s the hypotlieniiso sublmot this 

from half the .sum of the ineasnres, and the tviiiainder is the 
amount of obscuration (ffrusu) at the given time. 

21. If that time be atlcr tlie mitldlc of the oclipst*, subtract 
the interval from the half-duration on the side of separation, and 
treat the remainder as before: the rcMilt is the amount reriioiuiiig 
obscured on tbc side of sci'aration. 


The object of till* proce^ji tsuight in this p.nss.'igi' i to ilctcnninc the 
nmoniit of obscuration o( tho ccli]isc«i hn«1y at :iny giv^n uiomunt during 
the contiiiiiaiioc of tho,pc1ip.<i'. It, as well as tlnit presenbod iu the 
following passiigc, is a v.^riatioii of that whicli forms the subject of verses 
12 and 13 above, being founded, like the latter, upon a eonsid^nition of 
tho right-angled triangle formed hy tbc line joining the eentivs of the 
eclipsed and eclipsing bodies ns hypolheiuise, tin: difference of their 
longitudes as perpcudicnlar, and the moon's latitude, as base. And 
whereas, in tho former problem, wc had the base and hypothunnsc given 



1S6 


fiv. 21- 


S^rya-Siddlidnki, 

to fiuflthc pcrpcuiiiunlar, here we have the base and peipendicnlar ^ven 
, to find the hypothennse. The perpendicular is fnniished us in tiine^ 
and the rule suppusea it to be atatcd in the form of the interval between 
the given iiiunieiit and that of contact or of separation: a lunu to 
wbich, of course, it niny reiulily be reduced li-oiii any other mode of 
Btateineiit. The interval of time is rediiced to its equivalent as differ¬ 
ence of longitude by a proportion the reverse of that given in verse 13, 
by which iliil'erence of longitude was coiiverte<l into time; the inoon^s 
latitude then eaicnlnted; from tlie two the hypothenusc is deduced; 
and the coinpurison of this with tiie sum of the radii gives the measure 
of the aiiiouiii of ubM-uratimi. 

Verse *21 seems altogether siipciihious : it meivlv states the inethml of 
proceeding in ease the lime given falls anywhere between the middle and 
the cud of the eclipse, as if the spccifn-iilions of the prcce<ling verses ap¬ 
plied only to a time occurriiig bolbt-i* the miildle : whereas tlo'y arc gcii- 
eml in their chaincter, anti im-luile tlie former i'hm; no less titan the latter. 

AVhen the t'clipse is tnie of tin' >uii, allowance inteds to Ik’ niatio for 
the variation of parallax diiriiig its I'ontinuance; this is done hy tho 
process deseribc>l in \ei'4c l!i. itf A\liieli the explanation will be given in 
the notes to tin- next chapter (\ \. N-l T). 

In verse *20, hivtln- liM ami only lime. x\c lia\e lalitnde called kihejm, 
insteail t»f vikwhrpa, as (‘bcwhcrc. In the same \cim*, the term omphweil 
for “ hypotlioniise" is rmra. •* hcaring-, organ of licfiring;" this, as well 
as the kimired rranmu, which i>> also iinct> tir twice employed, is a synn- 
Jiyra of the onlinaiy term xvhieli mcaim literally “ear.*’ It is 

difficult to SCO upon what conception their eiiqdoymcnt in this signiffea- 
tion is fonndeil. 

' 22. From half the .sum of tho cclipscil and ccliji.siiig IxMlios 
sabtract any gis'cn amount of obsouration. i)i Miiinites: froiii the 
square of the ronaiimer .snbtrnri, the M|ii:iri:wf tin' [atitucle at 
tbie time, and take the square root of their diiliM'cnce. 

>28. i^The result is the. perpemliculur (/■-//) in minulcs—which, 
m an eclipse of the sun, is to ho multipliod by tlm trnr, ami 
divided by the mean, half-duration—and this, converted into 
by the same manner a-s when tiiuiing ilu; fluratif)n of the 
ednpie, gives the time of the given amount i.»f ohscuration {grasa). 

The condition.^ of this problem .ir.> iiri-cj^e.lx ihr- «mn; with those of 
the problem stared above, .in v(‘r.ii-.« excepting that liere, iiistend 

of requiring the instant of time w hen obiciiration comnieiices, or becomes 
total,’ xvc desire to know when it will be of a oerlaiii given amount. 
The solution must be, as before, by a succession of approximative steps, 
since, the time not being iixod, the erirresponding latitude of the moon 
cannot be otherwise detennined. • 

24 ^fnltiply the sine of the hour-angle {nata) by the sine of 
,the latitude {tthha), and divide by radius: the arc correspond¬ 
ing to the result is the degrees of deflection {yalmdng&is\ yrhich 
are Qprth and south in the eastern and western hemispheres 
{hapm^ respectively. 
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25. From the position of the eclipsed body increa^ by three 
signs calculate the degrees of declination: add them to the de- 

§ rees of deflection, if of like direction; take their diiferentN^ if of 
ifleFcnt direction: the corresponding sine is the dcdection (va< 
2ana)—^iii digits, when divided by seventy. 


This pi'uuesM requires lu be purfunuod only \ilien it is dcsirad to pro¬ 
ject Hii eclipse- In iiuiking a prujectioii iu-c«ir<ling to Uie Hindu method, 
us will be seen in cuiini'etinn with tin* sixth I'haptvr, the eclipsed body 
is represented as fixed in the centre of the iignre, with a north and 
Huntli line, and an east and west line, drawn tiiruiigh it. Tlic absolute 
jKMtitiun of thcKe lines npt>ii the disk uf the eclijised IhkIv is, of course, 
all tike time c.hanging: but the chaii>rc is, in the case of the suit, not 
obscrvalde, and in the ease, of the moon it is liisrcgarde'l: the Shrya- 
Siddhuiita takes no notice «>!' thi‘liirnre xisibh- in the nioou's face as 


detcrniining any fixed and natnrai direiiimt.-. n|iiiii her disk. It is de¬ 
sired to re|iri*sent to the eye, liy Un' lignre ilrawii, wheri-, with reference 
totlie north, soiUh, east, ainl west |intiiis of the moment, the contact, ini- 
riierskni, cmcrgciiee, se|i:iraii->n, nr ntln-r phases of the ei'lipse, will take- 
place. Ill onler to this, it is iieei>s;(n to know what i.s, at each given 
iiionie.iit, the directiim of the ei-liiktic. in which the motions of both 
eclipsed ainl eclipsing boilics are made, 'riic ca-t and west direction is 
reproseiile<l hv a small eirele ilrawii throiiu;h the e-'li]>'>cd body, parallel 
to the prhiK' vertical; the north ami -outh ilireeiioii, by a great circle 


)>:i.ssing tiirongh tlie boilx ainI thruiigh the. north ami south points of 
the hori/on: and the direeiioii of the e>‘il]itie is iletenuiiiud by a.sceT- 


eei'taining the. angular 
anioiml of its •ietlei'iion 
from the small i-asl ami 
west ein-le at the point 
occnpioil by llie eelipscil 
bociv. Tims, ill the an- 
nexed figure (Kig. ii'J), 
if M he the place of 
the eelijwed Isidy upon 
the- ecliptic, L. and if 
EW’ be the small e.ast 
and we.st eirele drawn 
tlirongli M parallel with 


a 

]itie is determined by a.sceT- 
S'J. 
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Pj the prime vertical, then the deflection will V (he angle made at M 
hy t.' .M and E M, which is "qiinl to P' M the nn^lc made by perpen- 
dienlars to the tW4> eireles drawn iViun tlicir respective poles. In onler 
to And the value of this angle, a double process is adopted: first, the 
angle made at M by the two small circles E M and OM, which is cquiv- 
.alent to P M N, is approximately determined: as this depends for its 
amount upon the observer’s latitude, being nothing in a right sphere, it 
is caller! by the oommontary nkstui mlami, “ the dcfleetiois due to lati¬ 
tude tiic text calls it simply vnlaiia»f(U, “ degrees of deflection," since 
it does not, like the net result of the whole operation, require to be ex¬ 
pressed in terms of its sine. Next, II|b angle made at M by the ecliptic. 
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Fig. 23. 


CIi, and tlie circle of dally revolution, D R, which angle is equal to 
P!M PV is also measured: this the commentary calls Ayana valana^ **^16 
deflection due to the deviation of the ecliptic from the equator;’* the 
text has no special name fur it. The sum of tliesc two results, or their 
difference, the case may be, is the valanOj or the deflection of the 
ecliptic frorn,thc simdl east and west circle at M, or the angle P' M N. 

Ill explaining the method and value of these processes, we will com¬ 
mence with the second one, or with that by which P M P^ the Ayana 
vatanOf is found. In the fulluwing ligiire (Fig. ‘.13), let OQ ho thu 
equator, and MIj the eclijitie, P and I" being their respective poles. 
Let M be the point at whicli the amount of dcfloctiuii of M L from the 
circle of diurnal revolution, 1) K, is .nought. Let ML equal a quadrant; 
draw P']., cutting the equator at 
as also P Tj, cutting it at 1>; then draw 
PM and QM. ,\ow !•' M L is a tii- 
qnadrantal triangle, :\n«i hence M il is 
a quadrant; and therefore (J* is a iiole 
of the circle POM, ainl QO is also a 
quadrant, and OMO is a right angle. 

But'DR al.«o makes right, angles at M 
with PM; lienee QM ami Dll are 
tangents to one aiiollier .'ll M, and the 
sphciical angle QM L i.s oijnal to that 
which the ecliptic makes at M with (he. 
circle of declination, nr to P M I": ami 
QML is inoasureii by Q L. Tiic ruin 
^ven in the text prndm-es a roMilt wliich 
IS a near approach to tlii>>, althongh not 
entirely accoiilant witli it, exerpting at the. solstice and equinox, the 
points where the deflection is greatest ami a here it is nothing. \Vc 
are dkectcil to reckon forward a ipindrant from the position of the 
eclipsed body—that is, from M to h, in the figiiie—ami then to e.ilcn- 
lat^ thedfelinatioTi at that point, wliii-h will he the amount of deflection. 
Bttt^hc declination at L is DL, ami since is a right-angled 

triangle, having a right angle at It, .iml since LQ and L 11 arc always 
loss than quadrants, J, 11 must he le.ss than LQ. Thu difFcrciioo between 
thenq however, can never be of more than tiifling amount; for, a.<i the 
angle QLH incrca.«c.«, Q L diminiKlic.s ; and the contrary. 

In o^cr to show how the flimius have arrived at a determination of 
this part of the deflertion so nearly correct, and yot not quite correct, 
wc will cite the eomincntator's explanation of the process, lie says: 
“The *east' (pract) of the equator [i.c., ajiparcutly, the point of the 
equator eastward toward which the small circle must bn considered as 
pviinting at MJ is a point 00** distant from that where a circle drawn 
from the ])olc (dhrupa) through the planet cuts the equatorthat is to 
say, it is the point Q (Fig. 2't), a quadrant from O: “and the interval 
by which thir is separated from the ‘ cast’ of the ecliptic at 90® from the 
that is the Ayana va/ana.” This is entir^ correct, and would 
giv% us Q T/, the true measure of the deflection. Rut the comincntator 
goes oc farther to say that since tli|| interval, when the planet is at the 
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nolatice, is noUiing, and when at the equinox is equal to the greatest 
declination, it is therefore alwa^'s equal to the dciclination at a quadrant’s 
distance from the planet. Tins is, as we have seen, a false conclusion, 
and leads to an erroneous result: whether they who made the rule were 
aware of this, but deemed the process a conveniuiit one, and its result a 
.pufficienllv near approximation to the truth, we will not venture to tm. 

The otficr part of tin* operation, to iletci'ininc tlui amount of deflec¬ 
tion of the circle of di'clinuliuii from the caht Hinl west siiiall chxslc, is 
ronsiderulily more (litlh-nlt, ami the Ilimlu process (:orrcspondixi|giy 
defective. We will iii-ct present the c-xjilanatiou of it which the cqiiiis,., 
iiicntator gives, lie states the prolili'in tliiii: “ hy whatever intervu ' 
the directions of tlie. eijiiator are dellei'ted irom diveetions coiTespond- 
ing to those of thr* jiriine vcrtii'al, northward or soiithwarcl, that is the 
deflection due to latitude {akxhn valana). Now thru: if » movable 
circle be drawn through the pole of the prime vi i-ticHl (xumu) and. the 
point occupied hy the planet |i. the l in lt- N M S, Fig. ‘j'jj, then tlic 
interval of the ‘easts,’ at the dislam'c of a quudiaiit iipuii each of the 
two circles, the equator and tin- priim* vortic.d, iVoiii tlie points wheru 
thev are respectively cut by that l■iI•l•h■ |i. e., iVuni 'I' ami V'J will be the 
deflection. . . . Now when the plam-l is at the hori/on [a.- at J>, referred 
to £'], then that iiilen'sil is etpial to the lutitmle |/t/]: when'the planet 
is upon tlie meridian (u^myottanirrlta, “smith ami mnth ciri'le") [i. e., 
when it is at it, refertvd to (jf ami /], there m* inienal [as at £']. 
ironco, by the following ]>roportioii — with a "im- of the liour-angfu 
which is ctpial to radius the sine of <le|]«-‘.ti>in for lathuile is equal to 
the sine of latitmle; then with any gi\en sim- of the honr-aiigle what 
in it?—a sine of latitude is found, of w1ii>-li the are i.-. the reijiiired de¬ 
flection for latitude.” This is, in ihi- llimin form of .statement, tint 
proportion nqircsented by the nilo in \erse “1. \ix. K: sin hit.:: sin 
hour-angle.: sin dellcelion. 

It seems to us very queMionable. at least, whetlur the. iriiulu.s had 
any niore rigorous di-mori.,tratiou tlein this of the proeess they adopted, 
or knew wherein lay the in.ururaeies of the hitler. Those wc will now 
proeeeil to point out. In the tir'i plaei', iii-t<'ad of inoasuring the i|i9gle 
made at the p«iint in question, .M, hy the two .small oii'eie.s, the east and 
west ein'Io ami that of daily re^ohltiolI—whi«-h would be the. angle 
PM.X—they refer the boily b» the eipialor by a eirelc pri.ssiiig through 
the-Dorth and .south points of the hori/on, ami measure the deflection 
of the equator from :i small east ami west eiii'le at its intersection witli 
that eircle—whieh is the angle PTN". Or, if we suppose that, in the 
pnicess formerly ox]>lnincd, no regard was had to the circle of daily 
revolution, D R, the. intention heing to measure the ditFerence in d&er- 
tion of the (••’liptie. at. M and the equator at O, then the. iwp parts of 
the- process are inconsistent in this, that- the oni* ta. es as its cquatori.*!! 
point of mca-surenieiit O, and the other T, at whieh two points the 
direction of the equator is dilfere.nt, Rut neither is the value of P T X 
correctly found. Kor, in the sphevienl triangle PXT, to find the 
at T, w’c should make the pniportimi • 

sin 1* T (or H): sin P N :: sin .P N T: sin P T N 
•But, as the third term in this proportion, the Hindiu introduce the sine 
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of the Konr-aii{;1e, Z1? M nr M V N, altlion^irh with a certain modifica¬ 
tion which thi* coinniciitary prescriboH, and which makea of it aomo- 
thing very nnar tin* snigh* 'F 1* N. 'Flni text wiva simply nataj^A, “tho 
sine of the luiur-anglc " (for nata, w*c notes to iii. S4-30, and 14-10), 
but the coniiinMitary spei‘ifii*s that, to find tho dosiro«l angle in degrees, 
we iniist multiply the lioiii^aiigle in time by 0i>, and divide by the lialf- 
day of tli(‘ planet. This is ei|uivnlent to making a rpiadrant of that 
part of the I'iivlo of diurnal revitlutinn \«hii‘h is between the horizon 
and the meridian, or to measuring distances upon 1)11 as if they were 
>./JWportioiial ])arts of K'(i. To make the Hindu process cori-eet, the 
'product of this niiHlificatioii should be the angle P\T, with wliieli, 
now'cver, it only coincides at the hiii'iz>.iii, where buth Tl’iC and TN P 
become riglit-aiigles, ainl at the meridian, where Imtii aiv n'dueed to 
iiullitv. The error i> elnseiv analogotis to that involved in the former 
process, and is of slight aei-ount when latitude is small, as is also the 
error in substituting T for <> m- M when neither the latitiuic nor the 
declination is great. 

I'lie direetion of the eeliptie delloetioii (((yuaa v/ifiina) Is the same, 
evidently, with that of the deelinatioii a (jiiadrunt ciistward from the 
point in ipivstion ; thus, in the ease illustrated by the figure, it is south. 
.'The direction ijf the ei|ualori.'iI defieetion (aivAu vulauu) depends upon 
tlie position of the point eoiisideved with referenee (o the meridian, 
being—ill iiortheni latitude^, whirh aknie the lliiidii s\sleiii eonteiii- 
plates—iiuirth when that point ea-t of the iiieridian, and s(>iitlr when 
west of it, as speeifii.>1 in ver<e :it: since, fi.r in'^laiiee, 10' heing the 
cast point .of the horizon, the eouatur at any point lietwei-u K’ and 
puUits, eastw.-inl, tou.-trd a point north of ihe prime \erti>‘al. In tin* 
eaad for whicji ihe figure is diawn, then, tin- difi'erenee i»rtli<- two would 
be die finally resulting defieetion. Sii;ei>, in making the projeetion of 
tlic^lipse, it is lait^iff .is a "Iraight line (.-m- the illustratioa gben in 
eoniicctioii with ehiffler \i). it iii'i'l In- .-eilnred to It;.\.iliie as :i sine ; 
and moreover, siin^it is laid diiv\i! in a l ir. le 
40 digits ^see Ill-low, \i. 'J), m- in nliii li one 
34!l0'-i-4O = 7ll', nearly—that sini- i- ri-ilnei-d i 
di\*^ing it hv 70. 

Thi! genera! Mibjeet of this pii>sige. I In-ilelerniiiialioii of direelinns 
dimiig an eclipse, for tin- piirpo,,- nf r-si,ili|i...iiiii^ the p'wiiion-, upon the 
disk of the CM-lipsed boily, of the points ut e••Mlal-t, immersion, eiuei^- 
ewe, and separation, also engaged the atlention of the <Iri‘eks; IHolomy 
di-votCH to it the elevoiitli and iwelfth i-li:ipter.s of tile sixth book of his 
Syntaxis: his representali'iii of directimis, however, ami ennM‘i|uonti\ 
his method of caicnIatio:i nbo, me ditlevent fruin tlio.M' here exposnl. 


of whii-li the indius is 
iligit ef|uals 7(i'—for 
• it-- \aliie ill digits hv 


26. To the altitude in time {unnata) add a d.av and a half, and 
divide by a half-dav; by the quotient divide tlio latitude.*^ and 
the diska; the results are the measures of those quantities in 
{anguln). 

;Bv thi.** proees.s due aennimt is taken, in iJic projection of an ce.lipse, 
of the uiiparcnt ine.reasi* in magnilnde of the heavenly bodicA wuen 
near the hoiizon. 'i'hu lhe.ory lying at the foundation of the rule is tliia: 
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thait three mimitcs of arr*. at the horizon, and four at the zenith, are 
equal to a digit, the fliftcrcnrn between the two, or the exeem'above 
three minutes of the cqiii^'aleiit of a digit at the zenith, being one 
minute. To ascortain, iIimi, what will I)o, at any given altitude, the 
excess above thivt; iniinilcs dt' tlio <M|nivalriit of a fligit, we ought prop* 
erly, according to tin* (■oniiiiontarv, to inake tin* ])iopi>rtion 
K ; 1':: .-in allitudi-: nirrcsp. excess 

Since, however, it wi>iild In* a imig ami ii'dimis prncf-s to find the 
tilde and its him*, anolln-r and a[i]ii'o\itna(i\i’ ijniportimi is .substiU 
for this “by the bl<;ssi*d Sun," as ilic l■lllnlll(•llta^v iiliruM’s it, “ihroi^ 
compassion for inankiinl, and full of n-gard to tin- very slight ilitferenco*. 
between the two.’’ It is as'»iiiia*tl ilial iln* -eali* oi‘ four minutes to the ■■ 
digit will bi* always tin* inu* oin* ai tin* noon of tin.- ]>1aiK>r in l(uos^io|^'. 
or whenever it crosses the nieriiiian. alllioiii;!) not at the /ciilili; arid^BO.. 
likewise, that the relation of the aliiiudi to 'Jo'mav )>i- im.-nsuri'd'^b^ 
that t>f the lime since i'i>iug ••r until M-Hing ynhuiita —see above, iii. 
37-39) to a half-day. llcnoi* the {iroporiiuii lll.•>.■l.■Illc*.•i 

lialf-day : 1':: ultitink- in time : corrL&p. excess 
and tlie excess of the digital cqulvalent above 3' equals . 

Adding, now, the tliivu minute-, and bringing tlieiu into the fractional 
cx})res8iuu, we have 

, . . . . . alt. ui liiiiL- + 3 Imlf-d.'ivs 

equiv. of ilij'it lu uiinutek at given time ~ -. .— 

lui'.l uiiy 

The title of tin* f'lirili i-liapier i. vfin'lr'Tj‘'‘thiny;,thikara, ‘* ciiajitcr'of 
lunar e»;lip-i*s.” a- tiial tin* lilili i- !--irij't<ii-nhvniulhihir(t. "eUaptorxif 
solar eclipse-.’’ in trutli, liovi.-v.-'-. ’.lie jiiM-'i-sse- ami explaiiarions 'of 
this ciniptei* appiv m>t le— to ilian io lunar eclipses, while theh6xt 
treats only of parallax, as ent>*riie^ into tin* ealeiilalion of a solar eclipse. 
We have t:ikeii the libertx. lli"i-ef-ii-i-. "f ino.lifying neconliiiglv the 
headings which we Inoe iireiiM-.l i.i [he l•h.■lpter-. 


rilATTKIi V. 

tu-’ r Mt-Mil.A.'L l.\ A SOLAli Kl'LllVK. 

CosTisNTsI, when there is mt piiniUnx in Innnitinle, t' no pnrall.i.v in latitude; 

2, enusn of piirallnx; 3, tn tiiui ilie orieiit sinc ; -l-i}. itic i leriilkin-Miie; a-7, and 
the sines of t'clipiic Kciiiih-diflaiiee and altiiude; 7-9, to ii..d the anidunt, in time, 
of the parallax in longitude; I', its application in detem ininp the moment of 
apparent conjunction; 10-11, to find die nmoiini, in are, of the parallax in.liM- 
tude; 12>13, its applicniion in c.ilculating an eclipse; 14-17, appli^tion omK 
parallax in kingiliule in delcrniining tlic monivnU of contact, of aeparatioo, 

I* 

1.' WliiMi the stni's place is coincident with the nieridi^lk^ 
ecliptic'poiiit ^nadhi/nhgm\ there takes place no parallax 


.j 
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loni^t^de {harija ): farther, when terreHtrial latitude {akshd^ and 
noi^ declinatioa of the meridian ecliptic-point {madliyabha) ore 
the same, there takes place no parallax, in latituae {avamti), 

r Tilt! latter of these spceiiications is eiitiroly acenrato: \rlicn the north 
declination of that point of the ecliptic wliicli is at the moment upon 
the meridian {mmlhyalagna ; sec iii. -t!)) is eqn.nl to tlie observer’s lati- 
. tude —reffanleil i»y tiie 1lin«lns as always north—the ecliptic itself 
,pS8ses throii^ii the xenilh, and hocoines a vertical circle; of course, then, 
^e ctfcct of parallax would In; only to depress the body in that circle, 
not to throw it out of it. Tlu' oLlii;r is less exact: when the sun is 
upon the inerkliaii, then* is, indeed, no parallax in ri^ht aseension, but 
there is parallax in luinritude, iiiih-s< the ecliptic, is also bisected by the 
meridian. Hero, ns below, in vui.-cs 8 and 0, the text commits the, 
inaccuracy of siibslitutin<' liic meridian ecliptic-point (L in Fi^. 20) for 
the central or highest point of tin- ecliptic (li in the same ii^nre). The 
latter point, altlioiijrh we arc tani^lit hclow (w. f»-7) t-j culculnle the sine 
and cosine of its zuiiilh-disl.-mce, is not once distinctly mentioned in the 
text; the coiimiontary calls it Irtbhoualntjna, “the orient ccliptie-poiiit 
{lagna —sec above, iii. 40-18 : it is the j)oiiit (’ in Kijr. *20) less three 
si^ns.” The eoinmontiiry points oiil tlii> inaccuracy on the part of the text. 

In order to illnslratc the Miiulu method of looking; at the subject of 
parallax, wc make the followiinf citation from the j;otieral exposition of 
it "iven by tin' commentator uinlcr this verse: "At the end of the day 
of new moon (amucf/jyd) the >un and moon have the same longitude: 
if. now, the moon has no hit it in Ic, then a line drawu from the earth’s 
^ centre [C- in the accompanying 

^ figuri'] to the sun’s place [S] just 

touches the iriouii [M |: hence, 
at the centre, the moon beeomcH 
an eclipsing, and the sun an 
eclipsed, bo>|y Since, however, 
men ari' not at tin* cart h’.s centre, 
{gtirh/ifi, ■* woniti”) but upon the 
ea»'th'sMii1ace. (prsh/ha. “ back”), 
a i]iie drawn from tlie earth h 
isnrfacc |ll| up to the .sun dues 
not just touch the moon; but it 
cuts tin; moon's sphere almvc the 
point ocnipied by the moon [at 
m], and when the moon airives 
at this )>oint, then is she at the 
earth's surface the eclipser of 
the sun. Jbit when the sun is at 
the zenith {khatnadhya^ **iiiid- 
hqiSTcii”), then the lines drawn up to the. siin fmiii the earth’s centre 
and siirfuca, iK'ing one and tlio same, touch the moon, and so the moon 
Jbecomcs an ecrqising Imdy at the end of the day of new muon. Ilciiee, 
the interval [M in] of the lines from the earth's centre and surface 
is the parallax {tambnua)." 
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It Jb evident from thig explication liow far the Hindu view of parallax 
is coincident with oiir own. The principic ia th^uime, hut ita app]ica> 
tion is BoniewJiat difiercnt. lustotnl of taking the parallax alisoluiely, 
detcriniuiiij' that fur the sun, which Is KS(', and that lor the inooUf 
w'hicli is B M T, the Hindus look n 1 the siihji'ct practically, ns it innst he 
taken account of in the eah nhitiun of an (-elipse. iiint ualciilnti! only the 
(litferciicu of the two paralluxos, which is n) B M, or, what is virtually 
the same thinj;, M (; 711. The Shrya-SiildliMiita, huwcvi'r, as wo shall nee 
liereafter more, plainly, takes no aecniint of any case, in which the line 
('3 would not pass through M, that is to sny, the moon's latitude ifn 
neglected, and her parallax calcuhitoil as if she w ere in the ecliptic*. 

We cite, farther from the comiiii-iilary, in il lustration of tin* resolution 
of the parallax into parallax in loiigitiulc ami ]mi'allax in latitmlc. 

“Mow hy hnw' many degrees, mcasun-<l 011 the moon's sphere {ffolajf 
the line drawn from tin- ('arth's siirraee up to tioc sun cuts the moon’s 
vertical circle (W/v/rr/Zo) ;iho\c llu* ]M)iiit oi-riipied hy thi* moon—this in, 
w'hon the vertical civcic ami the c;(-liptii- <-oim-iilc. ihc moon's ]>arallax in 
longitude {lambuttu). Iiiil when the l.•(■!iplil' deviates from :i vertical 
circle, then, to the ]ioiut where the line Cioiw the. cnrlh's sm-iiii-u cuts the 
muoir.s sphere on the moon’s vertical ein-le uiiovc the moon |i, to m, 
pjg 05 I'ig. li.'ij. 'Iraw through the pole 

of the e.’lijitii* [kuJatnbn) a cir¬ 
cle |l''m/;'| iiorili ami south to 
the celijiiie oii the moon's sphont 
ami then the cast and 
wic.t inlerval [Mm'| 011 tlmcclip- 
lie i. twteii the ]ioiiii occupied 
hy the ]iioim [AI] ami the point 
where the circle :ls ilrawn cuki 
the ecliptic on the moon's f^cre 
I’m'] is the moon's true (sjtmirto) 
parallax in longitude, in mi mites, ami is the peipciidiciihir {koti). And 
since the moon moves along with the ecliptic, the north and south 
val, uj)on the circle we have tlrawu, hetwcoii tlic ecliptic and theverfTCfel 
rircic |jMn'| is, in miimtos, the iiarnllax in latitude (na<i)i ^^hicli iatfaa 
base {Uinja). 'I'lie interval, in minutes, on the vertical cinde [ZAji 
between the lines from the e.arth'.s centre and surt'ace [mMJ, ia the ver* 
tienl ]airallax {tlri/lamhaitti), and the hypothennse.'’ 

The conception here presented, it will he noticed, » tliat tiio moon’s 
path, or the “i‘cliptii- on the moon’s sphere,” is depressed away from 
<iL, which might fm eallcd the “ eeliptie on th" ann's sphere,” toidn 
anumnt measured ns latitude hymn', and as loiigitmle dry n'M. To 
our apprehension, mn.M, rather than rnn'M, won I be tbe triaoig^ nf 
resolution: the tfro me viiiunlly ei|iial. ‘ 

The coinmcntiiYV thou goes on lanhor to explain that when tlio ver¬ 
tical circle and the. secondary to the ecliptic ci>iiicido, the parallax. Itai. 
longitude disappears, the w hole vortical parallax becoming parallax'in 
latitude: and again, wlien the vertical eirele and the eolipjde. coincide, 
the parallax in latitinlo disappears, the wliole vertical paraliH becoming 
parallax in longitude. 
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The term umfbrmly employed by the commentnry, nnd more muaUy 
by the tcxt^ to expreee parallax iu longitude, uaiuely lambam, » from 
the same root urhich we have already more than oiiee bad occasion to 
notice (see above, under i. 25, GO), and iiicaus literally ** hanging down¬ 
ward.'* In thiit roi'ise, uit once or twice later (vv. 14, 1G), the text uses 
harija^ which the comiiicnlary explains as e(|iiivalcut to kshitija^ “pro¬ 
duced by the earththis d«.K‘a not seem very idausible, but we have 
nothing bettor to siiggei»t. b'ur ]»:ir.-ill:ix in latitiulc the text presents 
only the term araiial!. “bomling duniinani, de])rcs)!iion the uomincn- 
tarv aluays siib^tiiiiti's for it nufi, wliioh has nearly the same sense, and 
is the oiisUnnary iiKidcrn term. 


2. liow paniihix in hiiiliule arises by reason of the difference 
of place pAiVf) ainl tiiiio {hilu), and also jjarallax in longitadt^ 
(Jatubanti) fnnn diroclion {/Hr) eastward or the contrary—toat is 
now to bo explainctl. 

Tins tli>>trihiitiiin nf the thn-o elonionts of direction, place, and time, 
as eausos respectively i>l' [>arallax in longitude ainl in latitiule, is soino- 
what arbitrary. 'Ihe vitm* is to be taken, however, rather as a gGiicrnl 
iiitrodti“tioii In tile siilijei-t nf the •‘liaptcr, than as a systematic statn- 
I/U'iit oi' the causes ot' p.-trall-ix. 


3. ('alcuhitf. by tin* cpiivalenls in oblifpic ascension {udayd- 
saviis) of the iibservi r’s place, th<5 orient e<'liptio.'point {Uitjtm) for 
the moincntofconjniictii.il (pnrvarinddi/afi): multiply tlic sine 
of its lonijitnd(3 by the j-iuc of greiiicsi di-clinntion, and divide 
by the sine of eo-laiinnlc (Imnl.ny. the result hs the (piantity 
known as the orient-sine 


The olijfct Ilf this fn-st ?tep in llie j;i!lic-r ieiilmis oprrafinii «if eale.ii- 
lating the parallax i-: it* lin.i t'ni- a -^ixen ni-iineiit -In-re i!ie inmiient of 
true, coiijniietiijii--the sine of iiiiitililinle nf that {.oiiit .if tin* ecliptic 
which is then iipnii the easliTii liriri/nn. In ihe iii>! pitie<- the Imigitiido 
of that point iis detr i-niiijr<h by the dani nin'l methods taught 

above, in iii. -1G-4S, .ind wliieji are «-iiJllei''ntiy explained in the note to 
that passage: then its sine nf amplitinle i'. .'‘onriri, by a proeess which is 
a cornhination of that for finding the dei-liiii'tion from the longitude, 
and that for finding the. amplitinle from the ileeiinalioii. 'J'lnift, by ii. 28, 

U :sin gr. 'led.:: «iii long.: ^in deel. 
and, by iii. 22-23, 

sin eo-lat.: R :: sin dee]. : sin .nmpi. 


lienee, by combining terms, we have 

sin co-laL : sin gr. ded.:: sin long.: sin 4lbpl. 

Tliis sine, of amplitude reeeives the lechnieal name of udaya, or 
udayujj/a :literal meaning of udaya is simply “rising.'’ 


4. Then, by means of the equivalents in right ascension 
^ixnkodaydsavas), find the ccliptic-point. {fayna) called lliat of the 
meridian {matHiyd ): of the declination of that point and the lati- 
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tade43f the observer take the sum, when their direction is the 
same; otherwise, take their dlfterence. 

6. The result is the meridian zenith-distance, in degrees {paldn- 
: its sine is dcnoniinatcd tlie incridian-sine {madhyajyd). . .. 

Tlie aci'uiiipaiiyiiig lij^uiv (I'ig. ‘JO) will assist tliu coiiiprvliension of 
this and the following jti'ocinsscs. Let N K S W bi* n horizontal plane, 

X S llu: pnji'ction upon it of 
the 1111‘1'idiaii, and E W that 
of jirinii; viTtical, Z being 
tin- zi-iiitli. Let C L T be the 
ccliplic. Then C indie orient 
(‘(‘li|iti(‘-point {latjna)y and C 
1 ) tlie sine of its amplitude 
fuiiiul by tlie last 
prticess. The meridian ecliptic 
point (utufihi/alatftia) is L: it 
is aM-crtaiin-il by the )nctli 04 l 
|irt<iTibi“d in iii, 4 ft, above. 
Its dislanee from the zenith 
is fonml from its dceliiintioii 
and tIic latitinlc of the place 
of obsi-natioii. as t.-inght in 
iii. JO-'J'J: and the sine of 
that ili<>ranre. by which, in 
tlie iignrc, it is si'cii projected, 
isZI.: it is railed by the lechnirnl name wliirh we have 

transl.ated “ ineridi.in-sinc. * 



r>.... Malliply llir nirridiau-siiie by ihc oricut-sine, and divide 
by rn<lius; Sfinnr*' the result. 

6. An<l Mibtrnct it lri»iM tin* sipian! of the incridian-sinc: the 
siiiuire i’o<)l of tin' reniiiindrr is tlio siin- cf cell)die zcnith’di.st.'incc 
(tirl'kshcpu); ibe sqiiari* nint of the. dilVoroncii of the squares of 
that and radius is llic sino of reliptic-.altituclo (drjyati). 


Here, we, are taught how to find the sines of the zeiiith-distniiee and 
altitude rchpcptively of tinil point of the erlipiie wliii-li has greatest alti¬ 
tude, or is nraivst to the zi'iiith, and which is also the central point 
of the portion of the ecliptic aboie the horizon: it is called hv the 
eomineiitarv, as alrcmly noiii'cil (.-ee note to v. 1), Inhhonalatma. Thus, 
in the last ligure, if 11 b-* ibe vertical ciivh' ]'a#siiig through the pole 
of the ecliptic, 1*', am] ciitiiiig the ecliptic, C'l, in li, E is the ociitml 
celiptic-point (f/vA/zonfi/i/'/Mn), and the arcs seen 'irojceded in ZB and 
HH are its zenith-distance and altitude respectively. In order, now, to 
find the sine of ZB, wo first find th.at of B L, and by the following pro¬ 
cess. (’1) is the orient-sine, already fouinl. But since C!Z and CP' 
are. quadrants, (' is a pole of the vertical circle QR, .and CR is a quad¬ 
rant. K 8 is also a quadrant.: take away their common part C 8, and 
C IS remains equal to 8 U, and the sine of the latter, S (5, is equal to 
that of the former, C I.), the “orientrsine." Now, then, ZB L is treated 
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as if it were a plane horizontal triangle, and similar to Z 0 8, and the 
proportion is inailc 

ZS:SO:ZL:l{L 

Or K : or.*siiic ;: nier.-sine : 1> L 

Tills is so I'ar a i.-oiTi-i't pmcoss, tliat it gives the true sine of the am 
BL: for, liy s|ihoi‘ii‘:il trigoiioiiietry, in the sphoricBl triangle ZJiL, 
right-angletl at 1!, 

sin Z 11L : sin |{ Z L :: sin iir«- Z L : sin :iiv 11 L 
or Iw : S (>;: Z L : sin I* L 


Blit the thiril side t*f u plane right-angled triangle of whieli the sines 
of the arcs Z 1> and ZL are hypotlieinise and perpeiidieiilar, is not the 
sine of 1> If we eoiieeiie the two funner sines to he drawn from Z, 
meeting in h and I iVNpei-tiMily the lines drawn from 1 > and L to the 
centre, then the line joining hi \\ill be the third side, being plainly less 
tinm sin l> I,, lienee, on siiiitrai'ting sin^ f> L from sin^Z L, and taking 
the sijunrc root of the remainder, we olitain, not sinZlS, but a less i|nan- 
tity, wliieli may rendil\ l>e shown, by spherical trigrniometry, to be 
sinZ B cos J» L. 'I'iic value, tlieii, of the sine of eeliptie zenith-distanee 
(tlrkkihepa) sis detorinined by this ]>rocc‘Ss, is always less than the truth, 
and as the eorrespoiidiiig e«l^iln! (dropal!) is funiid hy siiblmeting the 
sqn.'ire of the sine iroiii that of radius, and taking tin* square rrrot of the 
rcmaiinler, its value is always ]iroportii>nally greater than the truth. This 
iiia(;enr:i('\ is iioti('i‘il by the ■■oiiiineiitatitr, wlio points out eorreetly its 
reason ainl initnrc*: ]irob:iMy i< was alsii known to those who framed the 
rule, hut ilisregardcd, as imt snUieieiit to vitiate the general f‘haraet<-r of 
the process: ami it may, indeeil, well enongh pass mmotn-ed niiiong 
all the other inaernracios involved in the Hindu ealculations of the 
jiarallax. 

As regards the terms eniployeil tf» express the sines of eeli]itie zeiiith- 
di&tanee and altitude, we have alreaily iiici with the first nn-'.idier of each 
compound, tfrf, literally ‘‘sight." in oilier erninerteil uses: as in 
“sine of zcnitli-ilistani’e" (see abovi*, iii. .‘5.'}), ilrt/rrfU^ “leriii’al-eirelo'* 
(f-iraiiientary to the first versi* of tlii'. i-li.-ipti-r) • here it is eonibiiicd 
with wonls wliieh seem to be ratJier arbitrarily ehoseii. to form teehni* 
cal apju-llatioiis for qnnntitic.s used only ii. tiiis process: the literal 
incaiiiiig of kikejia i« “tliiowing, iinrliiig;'* of jw//', “gait, motion.” 


7. The fiinc and c*r)siiic of meridian zenith-distance (nriftinotv) 
are the approNiinate {mphnln) sines of i.'cliptic zenith-distance 
and altitude {Jrkkshepa, drygati). . . . 

This is intended as an .allowahle simjilifioatimi of the aUn'C proeess 
for fiiiiling tlin sines of eeliptie zcnith-rlis 1 .*iiiee and altitude, by substi¬ 
tuting for them otlier quantities to whieli they arc nearly equivalent, 
and whii'h arc easier of ralcnlation. These arc the sinus of zenith- 
distance and altitude of the meridian eeliptic-point {mndhyalagna —L in 
FSff. ‘2H) rill! foniier of which has already been made an clement in the 
other proecsts, tinder the name of “ incridian-sinc” {madkyajyA), It 
m4^ht, indceii, from the terms of the text, be doubtful of what point the 
altnnde and zenith-distance were to be taken; a passage citra by the 
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commentator from Bh^ekara's Siddhknta-^iroinani (fonnd on page 221 
of the published edition of the Ganit&dhykya) directs the sines of senith- 
distance and altitude of B {tribhonalagna) when upon the meridian— 
that is to say, tlie sine and co>iiie of tlic arc Z F—to be substituted for 
those of ZB in a hasty process: but the value of the sine w'uuld in 
this ease be too small, as in tlio other it wib* too great: and as the text 
iiowliero dirci'tly recognizes the |Mjint It, and as directions have been 
given in vei-su o for finding the meridian zoiiilh-distaiice of 1/, it seems 
hardly to admit of a doubt that the latter is the ]ioint to which the text 
here intcuils to refer. ^ 

Probably the permission to make this substitution is onlv meant to 
np|il y to cases where / h is of small amount, or where. C lias but little 
amplitude. 

7... . Divide tlie square of the sine of one sign by the sine 
called that of cclijitic-altiludo {•lr>jQatijhn) ; the quotient is the 
“divisor” (r/itvfa). 

8. By this “divi.sor” divide tlie .sine, of llic intcrvjil between 
the meridian ecliptio-point (mad/it/ulagyia) and the snn's place: 
the quotient is to be regarded as the paralla.x in longitude {larn- 
hiina) of the sun and inooii, wist ward or wislward. in nadi.s, etc. 


The true iiiiluiv of the priM-(‘>- bv wliidi lhi< i'ii|i> fur finding tlia 
])iii'alhi\ ill loiigitii'K* is •diiuiin'd in :iltugctliLi' iii>!ii( ii finm fright under 
the fui'iii ill which tiic rule is stated. lt.s iiietlifd is :i> fulhiws: 

We have seen, in ivnns-i-jiim with the first \erscof the ]»reecding 
I'hiipter, that the grc:ite!-l. }p:iriillii\e< of the .sun ainl luooii are quite 
iieurlv eipiiviilent 1u thu,]ii<-:i!i mi.itii>n of eu<-!i liuring 4 uadis, llcuce, 
were l>oth budies in the le>ii/..>ii. an-l the e»'lip!ie a vertical circle, the 
moon wouM he de|)rcsscil in In r nrbii In iow the sun to an iiiiiouiit Ccptal 
t«> her excess in mniitiii during -> uadis. This, tlicu. is the moon’s 
greiilesl horizoiiial parallax in liiugitiiii". To find whai it-wouhl be. at 
any other iioinl in the ei-liptii-. Mill l■•lll.-^llel■e■l a.' a vertical circle, wc 
iiiuke the proportion 

K : t (hor. ]inr.):: sin zeii.-ilist.: vert, paralla.x 

This proportion is entirely eorreel, and in aeeordniiec with our modem 
rule that, with .a given distniiee, tlie parallax of a lunly varies as the sine 
of its /.ciiith-disiaiiee: whether the Hindus had made a rigorous <ic- 
iiioiistrntion of its Irutli, or whether, as in so many other ea.ses, see.ing 
that the p.'irnllax w.ns greatest when the sine of zonith-distnnec wan 
grcate.st, aiitl nothing when this was nothing, tiioy a.ssumcd it to vary 
ill the interval as the .«iiie of xenith-dislaiiee, tying **jf, with a sine 
of zeiiith'distaiice whieh is cipial to radius, the f irallax m four iiAdis, 
with a given sine of /.enith-dislanee what is it i"—iliis we will not ven¬ 


ture to determine. 

But now is to bo eousidcrod tlic farther ease in which the ecliptic is 
not a rurtieiil cirelo, but is depre.*(.*tcd below the zenith a certain clistniicc, 
incasiirud by the sine of eeliptic zenith-rlistniice (drthhtpa)^ alreadj' 
foniid, Jlcrc again, noting that the parallax is all to be rovkoiicd as 
parallax in longitude when the ecliptic is n vertical circle, nr whew the 
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sine of ccliptic-altitadc is pcaiosl, ami that it would be only parallax 
in latitude when the celiptie slionhl be a horisoiital circle, or wiien the 
sine of ccliptic-altitmle should be reduced to nolliing, the llindns assume 
it to vary in the inlcrtal as that sine, and ne.coi'ilin^ly make the propor¬ 
tion: “if, witli a sine of eeliptie-altitude llial is equal to radius, the par¬ 
allax in liiiii^itudo is ecpial to tlic vertical parallax, with any pve.u sine 
of ccliptie-altiiiide what is it?''—or, inverting the middle terms, 

1 1 : sin ecl.-alr.:: vert. paruMax : parallax in long. 

But we Ivid before 

11: -I :: sin zen.-ilist. : vert, parallax 

hence, hv eomliinin*; terms. 

li^ :4siuecl.-alt.:: sin zen.-dist.; parallax in lom;. 

For the thinl term of this proportion, mm, is sidisiilnled the sine of the' 
distiincc of the given point from the renlral ecliptie-point: that is to say, 
Bm (Fig. 26) is substituted fur '/.m ; the iwii are in fact of equal value 
only when they coincide, or else at the liorizon, when each becomes a 
qu^rant; but the error iiivohud in the substitution is greatly lessened 
by the circumstance tliut, us ii iiiereiises in propoilional uinouiit, the 
parallax in longitude itself ilecreases, until at B the latter is reduced to 
iinllity, as is the vertical parallax at Z. The text, indeed, us in verses 
1 and D, puls madht/nluauu. for trihhomi/ai/na. 11, in reckoning this 
distance: but the c-onmieiitarv, withoiii ceivMiony m' ajiology. reaib the 
latter for the former, 'riiex- substitution- l«-iiig madi*, and the propor¬ 
tion being reduced to the fi>nii of an eq\iati<>ii. we liiMc 

. , i>iii ili-t.X-1 sin ci'l.-iilt. 

]isir. Ill Iiiiig. =. . 


which red'.iees to 

sill (list. sindicl. 

■ -i 'si'll l■e^.'-aU' " J >m i rl. iill. 

and siuec -^11®=: ainl ^-in ;!(• , Ui- lia\c llnalli 

. , sill il.'l. 

niir. Ill Ion:;. — . 

-Ill- ..O' -111 tvl.-.ill.. 

which is the rule- given in the text. 'I'o tii- .ieiioiniiialor of ihe fraction, 
in its final tVirin, is given the teelinii-al n.'uiie of c/n'do, “divisor,” uliicli 
word w'u have hail befurn .similarly iim-J, to ih-.-igiiati* one of the factors 
ill a complicated operation (.-ce. uim-, e. iii. :iSj. 

We will now i‘.\aniiiie the correi:Liiess of the si-eoipl prineijial propor¬ 
tion from which the rule is dediiei-i). It is, in ii-nns of the last figure 
(Fig. ao), 

Il:.-=iMZI*'f=:i;Ji):;m .M ;///« 

AsHiiming the. equality of tin* little triangles .M m a and Mmn', and 
accordingly that of the angles tn M n and M »i n', which latter equals 
Z m P', we have, by spherical trigonometry, as a true proportion, 

f sin m n* M : sin M 7n n':: m M : m n' 
or n; sin Z m Ft:: m M ; m n 

Ifeace the former proportion. is dbrrect only when sin Zl^'and sin 
ZfHp' are equal; that is to uy, when ZP' moaaurea the angle ZmP'; 


pur. ill Ion:;. — 
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and this can be the cane only when Zm, as well aa P'm, u a quadrant^ 
or when m is on the horizon. Here again, however, precisely as in the 
case last noticed, the iinportanre of the error is kept within very narrow 
limits by tlic fact that, os its relative consequence increases, the amount 
of the parallax in longitude affected by it diminishes. 


9. When the sun’s longitude is grn.'iter than that of the meri¬ 
dian ecliptiu-poiiit {inatlliyaktgna), subtract the parallax in longi- 
‘ tude from the end of the lunar day; when less, add the same: 
repeat the process until all is fixed. 


Tlie text so pertinaciously rcails “meridian ccliptic-point” {madhyor 
lapna) where wo should expuet, ami ought to have, “ central ecliptic- 
point” {Irihhonaffti/iia), that we arc nlinost rca'ly to suspect it of mean¬ 
ing 1o desigiiute the latter point by the fonner iiaiue. Il is sufRcicntly 
clear Ihut, whemoer the kuii and iriotni arc to the castwanl of the cen¬ 
tral ccliptic-point, the rlfect of the |iara!hi\ in lon(;itud<; will bo to throw 
the moon forward on her orbit beyond the sun, and so to f-ausc the time 
of ap])arL'iit lo prcfaido that of real roiijum tii»n; ainl the contrary. 
Hence, in the eastern lic-iiiNplicre, the parallax, in time, is subtractive, 
while in the, western it is additive. ISut a single ealciil.'itiois and appli¬ 
cation of the eorreetioii fur parallax i'^ nut ciio'iigli; the moment of ap¬ 
parent conjunetion imiNt he fii'inil ly a reri-.-s of Mici-essivc approxima¬ 
tions: hiiii'c if, for iiistaiire. the momeiil of true i-oniiiiictinn is 25" 2*, 
aud the ealculatcd parallax in longitude for that moment is 2" 21'^, the 
apparent end of tliu lunar day will not Ite at 27" 2!}heeansc at the 
latter tiiin* tin- parallax will he greater than 2" 21'. d -ferring accordingly 
still fartlmr the lime Ilf l■onjnnl■tion ; lunl su on. The eommoiitary ex¬ 
plains the meiliod Ilf ]iroei'duri; nnn-i- f.iily. as follow^; for the moment 
of true conjiiiK-tioii in longitinh* cali-nlate. the parallax in longitinle, and 
apply it to that inomeiit; tor the time tlins funm! cali'ulatu the parallax 
niicw, and a]^pl^ it to ilu- inumeni of Inu-roniimeiioii: again, tor the 
time found a.s tin* r«-sult of this proi-e-:. i‘ali-iiiate the j'-irallax, and ap¬ 
ply it a.s before; and si> proceed, until a moment is ari-i\eil at, at which 
the dilVernnee in actual iongiinde, accoriling to the motions of the two 
planets, will just (‘iiual ainl oiinterhalaiico die ]inr:illux in longitude. 

The accuracy of this approximati\e process cannot hut he somewhat 
impuired by the eiri-iimstaiice that, while the parnll.tx is rcekoiied in 
ditfcrcuoe of iiicau mol inns, the curroetioiis of longitude must be made 
in true motions, linleed, the reckoning of the horizontal pitnillax in 
time AS 4 iiiulis, whatever he the rate of motion of the sun and moon, it 
ouc of the iiio.st ]ialpalile uinung the many errors which the Hindu pro¬ 
cess involves. 

To ascertain the moment of apparent conjnncti n in longitude, only 
the parallax in luiigitmle i'er|nires to be known; hut to determine tlie 
time of ouciirrencc of the other pliasc.s of the eclipse, it is necessary to 
take into account the ]Kirullax in latitude, the ascertainment qf which it 
accordingly inailc the subject of the next rule. 


10. If the sine of ecliptic xenitb-distance (drkkffupa) be multi¬ 
plied by the difference of the mean motions of the son and 
90 
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moon, and divided by fifteen times radius, the result will be the 
parallax in latitude {uLLtmiti). 

As tlie snn'.s grentost pnrnllax is cqiinl to the flftccntli part of his 
mean daily laotioii, aial lliat of the moon to iha rifteenlh part of hers 
(see note ii'. 1. al ove), the (*\ecss of the moon's parallax <iver that of 
the sJin is oiiiial. w!n:n ;.cr''ati’s1. t«» one fifteenth of Ihe (lifl'ereuee of 
Uioir respoilive mean daily niotiims. This will lie the value of tho 
parallax in latitude when the eelii-iie eoineiiU-s with the horizon, or 
when the sii'C el’ ei-lijiiie /ei'.ith-dislanee hei-oines e<pial to radius. On 
the otlier liaiid, the parallax in latitude disajipears when this same sine 
is redneed IcMinllih. Ili'nee it is ti> be niranled as v.'»rvin<r with the 

r in liiiil its value ai any 
ic zenilii-disianee whieh is 
• lil'leei'th of the dilFuivnec 
of elliptic zenith-distance 

what is it or 


6inc ot e-'liptie /i'nit!i-ii!si::!!e«*. and, in oriie 
given peint, we .say “if, with a sine of erlipi 
C'jnai to raili'.is, tin- parallax in latitude is om 
of iiu-an diiilv motions, with a I'lveii '-iim 


11 : di»i’. (if mean m.-f-1."»:: sin ei-l. zen.-ili-1. : ]iarallax in hit. 

This proportion, it is e\idi nl, woniil ciiiire eorrectness tlie 

parallax at the ei-ntra! t.-liiilie-itoini ill in I'ia'.I. where tlie whole 
vortical parallax is to !•(• rei ioiiicd as paraMir; in lalilii'le. lint the inib 
given in tin t-xt also a'^iiiic *. ihal. with a ^i\cn poi-ilion of the ecliptic, 
the ]i.‘ii-ii!!a\ in h-.t-lndc is tin* s-imc at any |ioiiiT in ih.- ecli]ilie. t if thin 
the (a-mnici.r-:-, : i.n i!: ii!.ii!«i”'-!i,ii., Imt il is l■•.•.l■llti.•llly true, l-'or, 
regaftlii'-.' the iiiils; ;ri:Mi<r!i- M .■// u : - n iriai'-.rle. rejlii-ana'lud at ii, 

and with it.s ar'U'l ’ a .'I e'-.m! to l!i“ \;lc / /a IJ, we havo 

!i: '•i'l '/. hf !*:: .M ni : .M a 

But, in iho spherical tiiaii;;lc 7.m JI. ri'dit-aie^lcil .at B. 

It : sin / tu J>:. -in / ;n : sin / B 
Hence, by equality of ratios, 

sin / in : sin /. It:: .NT in : M n 

Bub as before shown, 

11: sin Z i/i ;: 'j-i, jiar.-Jiax : M /n 
Ilcncc, by comliim‘i,g term-. 

Il : -in Z 11;: ‘^r. paiiillax ■ M n 

That is bf «a}, wliateier he, ili> positi>>n of i/f, thn poiiit for whicli the 
parallax ill latitmle is --oc^ht. tids will Ik* c.itial to tin: pruduel of the 
greatest parallax int(> the s'lic of ee.iipiic zeiiitli-distain'e, divided by 
ixi'iius: or, it-the greatest paralliix equals tlic dilferenee of mean mo¬ 
tions divi<b;d iiy liitven, 


par. irj i..t. = 


sill t!i'l.3ii-a.-ili>:l.xdiir.'if 


It 


-- or 


bill erl.Kcn.-ilist.Xdiir. of m.ra. 
WXl'o 


The next verse toaehc.s more summary methods of arriving at the 
Bome quantity. 


'll. Or, the pandlux in latitude m tlic quotient arising from 
dividing tUu smu of ecliptic zonith-distaacc {drkkslie^ by aev.* 
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enty, or, from multiplying it by forty-nino, and dividing it by 
radius. 

In the exprefision given ii1)ovc for tlin value of the parallax in latitude, 
all the terms arc constant excepting the sine of celiplie xcnith-rlistancc. 
The diftcrenne of the mean dnilv motions is and fifteen times 

radius is 61,570'. Now 731'‘27"-^51,5i0' efpials or 48.77—11; 
to which the expressions given in the text arc Bufliuienily near approxi¬ 
mations. 


12. The par.''.lla.x: in latitude is to be regarded tas poutb or 
north aceonlingto the direction of the. meridian-siin: (madhi/ajj/d). 
When it and tlu‘. moon’s latilndo arc of like direction, take their 
Burn; otherwise, their din'crriice : 

13. With this calculate the hrilf-duratinn {sUn't!), half total ob- 
Bcurution {vimru'ffa), anouiit nf obsi'uration {'jiilxo'). etc., in the 
manner already lanylit; likewise tlx' .scale of iiri.»i'7clion (pra- 
rnthyi), the dcliecliou (rnAo/fn. the ri <|iiirf <l anniiintof oVjscura- 
tion, etc., as in the ca.'<o of a lunar r-c]iii.-e. 


In .asccrtsiiiiiii'j thr Irnc lime of ficfiiriviiiN'«if tlic\.irinns pha.scB of 
a s(»lar oclipso, as «h‘t*'Pitii!n'>l l»v the pisi-iilh'.N of the 'ri\i>u point of ob- 
sorvatiitn, wr arc lau'.rht fr.'l tn iiialu' tlif v.lmU- .■.•iTi--.'tioii f*!’ parallax 
ill Ihtiliiilc, ami then aflcrwai'il tit a[>|i!_\ iliat !'••! |•‘l 1 -aIiil\ in longitude. 
The ioriiier part of the jim.-i-ss is Ay ui m tsc'* 12 and 13: 

the nile.s f"r tin* •■tlier riii!*«i\ in tin* i'(‘\r |i:\" iL;e. 'flic language of the 
text, .'i.'i u-md. i> liy i.n lU' :iii< ?«•> i-li-e.r :u:'l lA ilieit hn i-oi-M In* wished. 

Thus, in .. lirl'iirr ii-, ii,- ;ir' nil', fe:v.!il v.h: ihcr, a« tlx* lirst step 

in this ^iroi-e*.*. ul' m, \m* tn li.,* inonu's paraliax ill 

latitude for the timi* i.f mu- l■')l 1 iil!l•' 1 il>il nf tlx.* lunar 

day"), or fm- that itf :i|i|i:iren( inid' uiiii !! {mui'iifj'hni'htniti, “miiMle of 
the. i-elip.oe It iiii/lit In' ..ii|i|iii>.i-.l ih ii, ,-i>. ^m> iur mdy had 

in iho text iliri‘i*iii'in- t'u liuiiii.g li,' .-it'i- .-iml l•^l~in(■ "f zenilh- 

dhlance at the iiiitiiiriit nf true ■■,-iijuiiilit.'n, tin* fi'riU''f of them wa.s to 
lie iiS'.'d ill till- e:ili'ul.'iii(iiiN nf ]•> :iii<l I I. ntnl tl:>‘ re^uIl IVi'im it, 

whieli wiiiiM h'.' till- par.-ill-ix at tin- liimiieni nftnie eoujuiietion, a;)i'!!od 
hero as the ri>rreet!i'U \"r. .-i> I;ir a«« we have In-eii able to 

discover, clues tli.' eoimin'lit.ii'ir e\|ii>i<ii.| what i*. the Inn* tiieMniug of 
thu lt*.\t iipiiii lliih piiint. it •>ullleieui!_t i*'. ideisi, h.,"' ‘ver. that, the 
iiioiiient <4‘ iippareiil ' iMijiiiii-iii'ii is the liuie ivi|ui;c-i!. V'e I:avi* fmiad, 
by ii ppoet-ss of'.ne-’efsivt* :>p]ii-i,'d!iiaticiii, :it wlial iliii * (‘.'e h'ig. 25), the 
moon (her latitude heiug ne*^!eet.'il) Ii.'iiig at ut an I t'::* sun at n, the 
])ariiUa.\ in loitgitmle a'ld liie diri'ei'eiieo of tr: * |ii:igiti:''e will both bo 
the same (jUiiiilily, m n. tunl xo, wlieii a]i)>arent eonjiiii. tioii will tako 
place. Now, to lii-ow tin* iliManee of the tw-i e ilivs at that inoimuit, 
we require to a.*ii*eitjiiii the parallax in latitude, « \k fur the moon r.t ni, 
and to npply it to the mooii's iatitiide when in the same j'lOsitiuii, taking 
their sum when their dirceiiiui is the siuiie, ainl their ilill'ej'onL'C when 
their direetion is ditVerent, as pio.sei*IIii*.l by tiio te.xl; the net result will 
bo the distiinee required. 'I he euiiuueiilary, it may he remarked, ex¬ 
pressly stated that the moon's latitude is to be calculated in this opera- 
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tion for Iho time of apparent conjunction (madAyafftaham). inie dia- 
tanec thus found will di'tcnnine the amount of greatest obscuration, and 
the character of the eclipse, as taught in verso .10 of the prccoding chap* 
ter. It is then farther to bo taken ns the foundation of precisely’ such a 
process as that drseribed in verses 12-15 of the same chapter, in order 
to ascertain the half-time of duration, or of total ubsenration: that is to 
saj, the distance in latitude, ul the two eentirs Ix-iiig first assumed ns 
invariable through the whole duration of the eclipse, the half-time of 
duration, and the rcsiiliing ninnionts of contact and sepnrntiun are to bo 
ascertained : for these inoinenls the latitinle. and pnr:ilin.\ in latitude arc 
to be calculated anew, ami bv them a now detennination of the times of 
contact ami separation U to be made, and so on. until thc.Hr: are ii.vod 
with the degree of accuracy rci|uir(‘d. If the eclipse he total, a similar 
operation must be gone through with to ascertain the moments of iin- 
nicrsion and emergence. No account is m.'itle, it will be noticed, uf the 
possible uccuiTeiii'c of an annular e< !i|)se. 

The intervals thus fonml, after corivctinn for par.'illax in latiludc 
. only, between the midiile of the ecli|i.se ami the momoiits of contact and 
separation respectively, .are 1ho^e uhicli are called in the la>t chapter 
(vv. 10, 2')). the “mean half-iliiration" {ntadhijanthilyartlha). 

In this proco>s for finding the imt result, a^ a|f]iarc‘iit latilmle. the 
oiitual latitude ami the [laiallav in latitude, is lu'oiiglii. out willi dis¬ 
tinctness the inaciMir;ii:v alrcailv iilludcil to; that, whatever be the 


moon’s actual l.'ititmlc, jicr parallax is alw.-iys calculated as it' she were 


in the ecliptic. 


In an cilij)>e, !io\vevi‘r. to wliii-h c.-isc rdoiic tin; Hindu 


processes are. intended to be applied, the moon's laiitnde cun never be 
of any cnnsidcraiilu amount. 

The propriety of determining the direction of the parallax in l.-ititudo 
by means of that of the incridinn-sino (/ L in Fig. 2<i). of which the 
direction is csUihlished as south or noilli iiy the pn^ee.ss of its calcula¬ 
tion, is too evident to call for remark. 


lu rci'se Hi is given a somewhat eonfiiseil spccili'-atnin of matters 
which are, imleci!, alfci'teil liv the p:iralla\ in latilinli', iait in difl'urent 
modes .‘ind degrees. The. iimoiint <>f greatest oli><'unili<)n, ami the 
(mean) half-times of duration ainl total •ibscuration, arc the (|inmliiies 
directly dependent upon the ealculatiiui oi that parallax, ns hero pre¬ 
sented: to finrl the nmoaiit of obscuratiim at a given moincnl—as also 
the time corresponding to a given Ciiiioiiiit of obscuration—we rn(|niTC 
to know also the true half-duration, us found by the rules stnteil in the 
following passsige: while the .scale of projection ntid the deflection am 
affected by parallax only st^ far as this alters the time uf occurrence of 
tlie phases tk tlie cclijisc. 


l‘L For tbc end of the lunar day, diminLslied and increased by 
tlic half-duration, as formerly, calcuhitc again the parallax in 
longitude for tbo times of contiict {grusa) and of separation {moh 
a^), and find tbe difference between these and tbc parallax in 
longitude \harija) for the middle of the eclipse. 

15. If, in the eastern hemisphere, tbo parallax in longitude 
ibr tbo contact is greater than that for tbe middle, and that fi)r 
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isa 


the separation less; and if, in the western hehiispberc, the con- 
trary is the case— 

16. Then the diffiTence of parallax in longitude is to be added 
to the half-duration on the side of spparatioii, and likewise on 
that of contact Qmiymliann ); when the contrary is true, it is to 
be subtracted. 

17. These rules anj given for cases where the two parallaxes 
arc in the same hemisphere: w'here. liny are in diilerent hemi¬ 
spheres, the sum of the paralla.xcs iti longitude is to be added to 
the corresponding lialf-chiration. 'fiio in’inciplcs here stated ap¬ 
ply also to the half-time of total ol>.--elira*ion. 


We arc siipjio'-fil le liiive lij t!i<’ pivf.cMliiig proccs!}, the 

true aniount of apiiarent latitiidu at tin.'- laoinriit^ i>r (irst and last con¬ 
tact of ilic n'lipsj’il ami ‘-ing limlii--, .■■s.-l •■••us.ctjuii.tly In have de- 
tonniiii'd the. iliim-n-idiis nf llii' Iriiiiig!.*—runopiiiwlii.g, in a solar 
eclipse*, to C'lJ 1‘, Kig. ‘.JI. in a hiiiar - ma.li* n]i •>1' iIh- laiiuiih*. the dis¬ 
tance ill longiimlc, nn l tin- sum uf ili:* lun r.i-Ii'. Tin- nii.'-thjM now is ■ 
how the (hiration of the 4-(']i|i>" \\il] ii^* :i:i.-<-tc>t In tin' p:nvi!la\ in longi¬ 
tude. If lliis ]iar:illa\ ii'niaim-il ciMiMiiiit >iir.‘iiig ih" of the 

oclipsi*, its eiVcri \v«iulil i->! iinthiiig; aii-l, ii.-r. ing di-t'-riiiini.-(l l»y it 
the tiiiif* i>f apiiai'i'iit we -houM ii..t i.i rd to tak.- it farther 

into ai'ianint. Ihit it from niom -i-.t t-< ni<in:'"i(, and the clfccl of 

its variation i-* to j.rolniig ilw .. . •■■.i ry par! of a\isil'li! crlijise. 

For, to the fa-t of tin* ti-iitral i-i-rnili-'-piiii.l. it thioivs ili.- im*on'> disk 
forward niion lhal of dn* .-nii, llii'.'. Iia-n-idag ilii- l••■•.■llrrl':)cc■ of all the 
]iha6cs of till' c'lipM*, hi-i i.y an anii'.mj ui;..-!! i.- ail tin* time di.'i'ren?<ing, 
so that it iiastciis tim hc^iniiing .>r I'lf nioiv tlian the middle, 

and tho middii* iiion' than tli'.* to tin* nc-t of that .-<an:c point, oa 

tlu*. other inind, it tin* in>i"n'' ■I'.-’.i au-:iv I’rom the Mm’**, lv.it by 

an atnoiint constantlt iii<'ic:i>.iiig. -o ll.ai it retaril.- rlie end •■fine ee.lipso 
more than it^ middle, and Iin mi-hlie nioi-e than i> o^'^inning. 'J'hc 
citecl uf the paralla^ in longitiiih, tln-n. npoii eai-Ii iiaif-dnration of the 
eclipse, will hi- nn-aoirri] hy the i{ii}\ rern'e lictMei-ii Iis retarding aritl ac¬ 
celerating otiocts upon ront:ii-l ami I'onjiim'tion, and upon eon jn action 
and separation, resjiceli\el} : and tin* aimuinr. of thi*i ililfcrcnce. will 
h1wa\s he a«Iditivc to th** lime of hal.'-lniation :is oiherwi.-^e detormiiied. 
If, liowo^gr, e-mta<*t and iiinjnm’tiun, or coiiiimclion and separation, 


take place upon ojijiosite sides of tin- point of im p:irHlIa\ in longitude, 
then the sum of tliotno parallaetie, ellects, in-iead of tlicir difference, 
will ho to be added to tlie eorri spomling hal''dm-ation : since the one, 
on the east, will hasten the oecnnvnee of the f irmer jihaso, while tho 
other, on the west, wilt ih-fer the occurivnce of he latter phase. Tlie 
amount of the ]iaralla\ in longitinie for the mid-lie of the ceiipsp. has 
already hccii found; if, now, we fartlier determine its umonnt—reckoned, 
it will he roinemhoivil, a1w:i\s in tiini*—I'or tho moinenls of contact and 
Bcparaliun, and add the ditVeivnee or tho sum of each uf tlfosc and the 

S arallax for the moment of eoiijmietion to the corresponding half- 
uration os previously determined, we shall have the true times of half- 
dnr^tiop. In order to find the parallax for contact and 'separation, we 
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repeat tlie Paine prowss (see above, v. 9) by vliieh that for conjunction 
found: as \vc then started from the iiioinuiit of true conjunction, 
and, br a seiies of sueeessivo approximations, asecrtiiiiicd the time when 
the diftereiice of loitgiliuli* ivould equal the in longitude, so now 

we start fnuii two iiioinenl-* n'liioved from that of trim eonjiiiiution by 
the equivalents in lime of the two ilistniiees in longitude obtained by tho 
last piMOOfs. ainl, l>y a similar M'rii-s of sueeessive approximations, aseer- 
lain the tinieN wlnm tin* tiiri'en neeN of I••n•.;itn4le. toijether with the par¬ 
allax, will equal llmse iliMaiiees in lon^innl-. 

In the jiroeess, si'> rlm> eonilneU*<l, llievo is an evident inaeeiiracy. It 
is not cnoujLrh to apply the wlioh; «'oiTeetioi: for parallax in Intitiulo, and 
then that for piiralliix in loniritiide. siina-, by ivasixi of ihe ehanjfo efieoti'd 
by the latter in the times (if i oucai't and separaiinii, a new caleiilathm of 
the former becomes necessary, aial then a;;;aiii a new ealeiilalion of the. 
latter, and so on. until, by a series (if doiiMy eomponnded approxima¬ 
tions, the true value of eaidi is di lei'iniin-ii. This was donhtiuss known 


to the framers of the system, but passed o\er liy them, on aeeimnt of 
the cxeessively lahorions eharai'ter of the ('oin]ilel<' ■■alenl.'ilioii, and he- 
canse the aeenraey of siieli resuli.. as they eoiild obtain was not sensibly 
affected l>y its nei^lect. 

The (piestion iiatnrally riri'*es, why tin- sjieeiiii .ilinns 4»f verse lo .ire 
made hypolheti'al iiisti-ail of I'osltivc. aini m!i\. in thi* latter half of 
x'crse 10, a ea.se is .-ii[i|joseil ujiii-h m-i i-r ari-<-s. 'I’lie i-<iMii(ieiital(ir an¬ 
ticipates this obji-ctioii. ami ta'-xcs iniii li lo n-miive it: it is not- 

worth whili.- to follow hi.- dilbrent ]>ii-a-, w hi<-h amoniil to no real e.\|ila- 
n.'iiiou, saxiie^ to mnii-e lii.s la-l -nj;:'i--lioii. that, in case an eclipse begins 
before Miiiri-c, the parallax lor it- caiiier plia-e or idiascs. as calculated 


aecordino t.,, ihe ilistancc in time rVuni tin' lower meridian, mav he levs 



than for its later plia-e:—and ih-: l■■il!1ral■^. when the eclijise cmls after 
!>uns('t. Thi- in:'.\ im—ibl_\ be the true cxi'lanatioii, alllion':li we aro 
ju.stly snrpri.-c'l at llmiino a I'a-i' of -o little |!ra>-tii-al i-oiisc.iiicina*, and 
to xvhieli no allu-ioii ha- biM-n ncid'* in the jii'i vi-iiis jiroee-si-.^, here 
takt'ii into ai'i'omil. 


I’lie Is'.xl, it may In* renJaiM-d, by ii- n-c nf flic tenn.- "eastern and 
xvesti'rii hem!-|ihere-" {hnpnln, !ii.'r;dly "ee|', \e-.er*). repeatsoni'C mon^ 
its suVistiiiition of tin* ni<‘!'idiaii eeliptie-i-. int {tiini(ittjnltotHn) fur the 
central eeli)»tie-pi'ini {li-if./oumtu'/int), a- Inai of n>i jiarallax in loiijiitmlo; 
the nieriiliaii forniiiiu; llie only propi-r ami rceu-jrnixed division of the 
hoHX’cns int(> an i-asterii ami a xxcsteni liemisphere. 

\Vc are. now ]irepared to see tin- reu'^on of the s[>ei-ial direetions uiveii 
in vcrsc'.s 10 and -li of llie hi-t eliapter, ri-sjiei-tino the reilnetion, in a 
solar eclip‘<e, of distance in tiiiie from th(‘ inirldle of the eclipse to dis¬ 
tance ill lonoituibj of the two centre-. The “mean half-duratiou’* 


(mttflh^asthilifard/Hi) of tin; eclipse, is the time iJnriii^ xchich the trii(‘ ilis- 
tanco Ilf the cenlros at the niommits of contiict or separation, ns found 
by the pro(;(‘.sh pre.M.'ribeil in vci.-cs J'J and 19 of thi.>i chapter, would be 
gained by the moon with h< r aidnal excess of motion, leaving out of ae- 
.count the variation of p:irallnx in loiigitinlo: the “true hult-diiration’* 
(^kvtatthilyardfia) is tlic inurcascil time in which, owing to that x'aria- 
tion, the same distance in longitude ia actually gained by tlio moon; 
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the effect of the parallax being equivalent cither to a cliininntion of the 
iaoon*8 oxceM of motion, or to a protraction of the dirttunce of the two 
centers—^l)Oth of tlirni in tin: ratio of the true to the mean half-duration. 
If then, for instance, it be rcqnireil to tiioiv what will be the amount of 
obscuration of tin: sun hall' an hour after the first rouract, w'o shall first 
subtract this interval fruni the true half-duratidii before conjiincticn; the 
remainder will bi; the actual interval to the niiihlle of the eclipse; this 
interval, then, \vc shall rciluce to its value a>i iliMaiico in longitude by 
diminishing it, eillier bclbrc- or atler its r(‘ilii‘;lion to inimites of arc, in 
the ratio of the true to tin- mean half-iliiration. The rest of the process 
will be perfoniicrl prci'in-ly a.-* in tlie case of an eclipse of the moon. 

Notuitlistanding the iiigi'iniit\ an*! approviiiiate correctness of many 
of the rules nml nietlnvls of I'ali'iilalinii taught in this chajiter, the whole 
pixii.'css for the a-'certainiiiciil of {laralluv cuntaiiis mi niaiiv elements of 
e?n‘or that it liiir<lli de>crvi*> to hi* ••allcil olhcrwiM: lliau cninbrous and 
bungling, 'fhe I'alM* •‘.'tiiiiai>' of lliu iliil'crcui'c between the, sun's and 
moon’s horixoiital ]«arjilla.\—ilu- neglcT, in ih iiTUiiniug it, of the varia¬ 
tion of the niooiiV ili'-t:inci>—tin' l''•iiula!i•<u of its ^alue in tiin<- made 
always aecording to mean inoiiiius. wIi.-iii-mt in* tlic Inic motions of the 
planets at tin- moment—tin- iieg!i-i t, in i-aleuialiug the jnoMUiit of par- 
iilLi.v, <vf the iiitioii's l.ititiidi'—thi .xi'. uitli all tin other inic'eurneics of 
the jiro.‘e<-cs of eali'uliiiioii whii-li lune bei-ii M'-iiit'-d out in the notes, 
render it iuipivsilili- tli.il the i'o>uIk <.ibtamc>l >iii<ul-l ever be inure than 
a rude iippvo\imation to tlu- 

Ill fariliiT illu.'.lral'i.iii of tlie suliji-ci .if -.ii.-ir ('I'lipses, as oxpo.scJ in 
this and the pre<c\Jii.g < Iriiiter.'. wi* jir«'i-.-i.'., in tlie A]i]iendi\, ii full cal¬ 
culation'of the ce1i]i-c of May -Otii. I.'.'il, mainly as mailcfur the trans- 
lutur, during hU re»i<.l<;nci' in India, !i\ a n.-iti^c a-ironomer. 


C II A 1* T 1C n VI. 

OF TIIK FI{i).ll'.tTION OK J l'Ml'SKS. 

OONTCNTs:— 1, value of a proji'ctuiii; geiuTsil iliri'ctionii; S-<i, Iioiv to layoff 
the (Ivncutioii :uiii latitialo fur tin* liugiiiiiiiig iiiiil ciiii of ilii* eciip-i:; 7, to exhibit 
the piiinl.s uf ci-'iitact siiiil >c]iiirii(iiiii; K-U). Iiuw to lay olT the (.IvtlLsrlion and lati¬ 
tude fur the middle uf llie •■eli|i!>u; 11, lu ^liuw tiu; ■iiiuiiail uf greatesi obscura¬ 
tion; IS, ix'verMil i.f dirmi.iiis ill the wrslem lii>mi-|i]im’; 1:i <east ainuunt of 
obscuraiiiiii utiservablu; I i-lli, lu draw llic juith uftlu eelijving Ixaly; 17-10, to 
show tin: of l■l>^ellrali■ln al ii t'ireii tiin.-; 'Ju-J'J lu exhibit tlio points of 

ininu-n!>ion uiul cnu'igeiiL'o in a lutal odipso; ‘J3, colot uf the part of the moon 
obscured; i I, cauluin ns to coniiiiMiiicnliiig u knowledge uf these luatten. 

t 

1. Since, withoiiL 11 projection (c/itv/ynia), the precise {sphuta) 
differences of the two celi}).4u.s arc not uiiderstootl, 1 shall proceed 
the exalted doctrine of the projection. 
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The term ehedyaka in from tliu root eJtid, divide, Minder,’’ and - 

indicatee, na here applied, the instmiiuaitalitr hy which distinctive dif¬ 
ferences arc ivinlered evident. The luiinc of the chapter, parilfkhAdhi- 
Jt?dw, .is licit taken Iroiii tiiis word, but frum jt/anVciitAa, ** dclineatioQi 
ioeeun «nce below, in the eighth verse. . 

tipon a prepared aurfooe, a point, de* 
a radina of forty-nine digils 
^ for/the draeotion {vnlana ): 
a fi^eond eih:1^ with a n^ius equal to half the sum of 
.eclipsing bodies; this is called the oggregate*- 
ciTi^ 'isia^hS^'i' tb^ a uiird, with a radius equal to half the 
ec|i|^ied body. 

. determination of the directions, north, south, east, and 

^JjPis formerly. In a lunar eclipse, contact {graha^) takes 
"lb east, and separation (mo/f^Aa) on the west; m a so- 
the contrary. 

J r*bngor circle, drawn with a radius of about tlircc feet, is used solal^' 
ihg off the deflection {caJaim) of the ecliptic from an east ahd 
wcsK.;CiTOO. \Vc have seen above (iv. 34, 2o) that the sine of this de- 
fle^ieii;*^ reduced to its value in n cir'ic of fbrty-niuu dibits’ radius, 
bv ;di^^iig by seventy its value in minutes. The second circle is em¬ 
ployed (see below, vv. G, T) in determining the points of contact and 
seiMkzation.' Tlio ihinl rcprcscnts the eclipsed bocly itself, always main- 
talpj^^ a fixed position in the centre of the figure, even tiiongh, in a 
htifb^^ipse, it is the body which itself moves, relatively to the eclipsing 
sh^b^'l Fur the scale by which the mcaourcs of the eclipsed and 
ecHBSa |jgt bodies, the latitudes, etc., arc deteniiiucd, see above, iv. 26. 

ib'hiethnd of laying down the cardinal directions is the same with 
thilt'hacd in ennstrui^itig u dial; i( is dc.-H.‘nbcd in the first passage of 
tlnrti&ird chapter (iii. 1-4). ^ 

The 'ipccirii'iitioiis Ilf till* l:i1|cr i-f vcrsi- -I "pply !•» the eclipsed 
body, d'*sigiiatiiig liputi wliii-h nf is uliM-un-ti'iii will coiniMcnco and 
tcrmiiiatc. 

o. In a lunar cciipr:''', llm (h !!i‘ctic,i {jultmu) for the contact is 
to be laid oil' in il.s own jiroper (iii-erMion. Imt lliat for the bepara- 
tioii in leveme; in an cciipsc oft.hc .sun, llie contrary is the case. 

The acciiijipanying lig-.n-^' ~~) will illll^trilt(■ ilio Hindu method 

of exhibithig, )>y a priiji-c'.inii, ilu* \ari>ins phnscs nf an eclipse. Its 
condition^ arc tliunc of liic lunar c> lipsu of Feb. (ilii, IHGO, :is deter¬ 
mined by tliu litib'i lUctlioiU of this tn-atisu: for tbe calculation iice 
the Appundiv. Li-t M be the centre of the figure and the place of the 
moon, and let N S and IJW be the cin lcs of direction drawn through 
the moon's centre; the fijnii'-r rcjtresenting (see above, under iv. 24, 25) 
a great, nirchi drawn tliruugli the iiortli and sonih points of the horizon, 
the'luttor a small ein-lc parallel to the prime vertical. In explanation 
of the myanner in which these directions aie presented hy the jra 
would remark tliat we have adapttal it to n supposed poqi^ 
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obBeiirer on Uic north side of liiTprojection, as at N. and loohini; 
ward—a position wliich, in our latitude, he would naturally assiiiMi*, for 

Fig. 87. 



the jMirpox* ol I'oinp'iriiicr tin* fit' tin* (‘'’lijisi*, jis thev oe- 

cnrn: ' w.lii liis «li-!iiu>aiioii i-.f ili- ju. 'I'ln* lifnvicr i-ii-i-! i.'i'that 
drawn with llu* msiu nf tin' M’lni-ili.siiioti’r!*. ur tin* ** :i</.;rO‘j:iti*-i'irc!o ;** 
while tlio oiUiT oiu*, NESW, is timt tVir tin- drt!i-i*tiori. TIiLs, in order 
to rcdiioo tin* si/e of the wliolo tij^inv, v. i- have ilr:*.nii upon n s-'ale very 
much sniiilli'i' tliaii tlisiL preserihovl; its relative dimensions beiiij^ a mat¬ 
ter of no eons'.'niu'iu'c whatever, pruviiled the sine of the delleetiun be 
made coiTiinensur.atc with its rruliiis. In oiir own, or the Greek, method 
of layinjr olF an aft’, hv its aiii'ul.ar value, the rau ns of the /'irele of dc- 
flcctmn would also ho a matter nf indiflereiiro: he Iliuilus, ignoring 
angular measurements, adopt the more awkward niul bungling mcthotl 
of laying oft' the are by moans of it.s sine. I.ct r w equal the deflection, 
e.alculatud for the moincnt of eontaet, expressed as a aine, and in terms 
of a circle in wliieh E M is radius. Now, as the moon's contact with 
the shadow takes place upon her eastern limb, the deflection for the 
contact must be laid off from the east point of the circle; and, as the 
ca]cj^yjhd||iircction of the deflection indicates in what way tho ecliptic 
is F^^P^I^twiirdly, it must bo laid off from B in its own proper di- 
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rectioo. In the cnse illnetrated. the d^ectiou for the contact'U north: 
hence we ley it oif northward from end then the line drawn from M 
to V, ite extremity—which line represents the direction of the ecliptic 
at the moment—points northward. Again, upon the side of separation 
•—which, for the muon, is the western side—wc lay off the deflection for 
the moment of separation: but we lay it off from W' in the reverse of 
its true direction, in onlcr that the line from its extremity to the centre 
may truly represent the direction of the ecliptic. Thus, in the eclipse 
tignred, the deflection for sepnrutioii is south; we lay it off iiorthwartl 
from W, and then the line t-' .M points, toward M, soutliuanl. In a solar 
t'clipsc, in which, since the sun's ^xcstepi limb is the first edipse*!, the 
iletleotion for contact inn'>t be laid off from W, and that for scparalioii 
from K, the ilirection (if tlic fanner requires to be revci>c«l, ami that of 
the latter to be maiiitaincil as calculated. 


0. From the exlreniit}'' of cithor i.lcflcction draw a line to tlio 
trotitrc: from tbc point whore that cuts llie a""regale-circJ(^ 
(j'ttnwsa) are to be laid tho latitudoi? of contact and of separa¬ 
tion. 

7. Frojii the extremity "I’ tho latitude, again, draw a lino to 
tho central point: where that, in cither ea.-c, lonchoEi thcccli|i3cd 
body, there point out liu* eontact and separation. 

8. Alway.s, in a. solar eclipse, the latilndc.s arc to be drawn in 
the figure (ptrUd-ha) in ihoir proper direction; in a lunar 
eclipse, in the opp»).sit.c direction. . . . 


Tlie linos cM ami v'M. ilrawn iVoiii r and »■', tli.- o\iivinilii*» of the 
Hties or r*v."i whi'-li inc.isur.- the tlcllction, to iln’l■^■ntru of tho Hgiiro, 
represent, ^l.^ aho.a ly notic(Kl, the directimi of the el liptic with rcfcivncc 
to an east and wcht line nt tlii; niouicnts nf eontaot and separation. 
From them, a'’e*,rdingly, un>l at iiy:ht. angles to ilicni, aro to bo laid off 
the values of the ijimm's iatitiid>- at tiio.'M- rt^ients. Owing, however, 
to the principle .idoiiti-d i:i the pri'ii-ctiDn.TI r.-jarding tlic eclipsed 
body as fixed in the ceiitrc of tho ligiir-', and tlic i‘clipsing liody as pass- 
ingMver it, tho linos and o' .‘I do not, in tlso cnse of a lunar eclipse, 
represent the cclijuic it«Hl', in wiiii'h i« i !'0 cci.lrc of the shadow, but tho 
small circle of latitndo. In which is t’lc nn'on's contre: hcin-c, in laying 
off the moon's lafitn'!i.- lo di-tf'nninc ilic* I ' nlro of the shadow, wo re¬ 
verse its diroclioti. in iiio cn-n- tin; inoon's Utilndc is 

always south: wy J.-.\ n'l. rnt-ii, tin; ki mjiI k' I', rcprcsontiii:* its 
value at the nionu-iiis of < and M-naration, mirthward : they •■■re, 

like the dcflcctiuij. drawn c..^ and in siicii iiianncr that, their ex 

trcmitie.s, I and arc in the .'iggrcyatc-circic.: tiicii, since f M and 
are each equal to the sum of tin; two .semi-diameters, and tk and Vi/ 
to the latitudes, ifcM and k' .M will represent the distances of the centres 
in longitude, and I and 1‘ tho places of the centre of the shadow, nb con¬ 
tact and'Reparation: and upon dc.scriiiiiig circles from I and l\ with radii 
equal to the scmi-diainctcr of the shadow, the points c and «, where 
these touch the disk of the moon, will bo the points of first and, hist con¬ 
tact: c and s being aI.«o, as statc(l in the text, the points whore /M and 
/' M meet the circumfcreuco of the disk of the ccli{wcd body. v 
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8..... la. accordance with this, then, for the michlle- of the 
eclipse, . . . 

9. The deflection is to be laid olT—eastward, when it'and the 
latitude are of tlio same direction: when they are of djffcfcnt 
directions, it is to be laid oft’ w'cstward: this is for a. Kmar 
eclipse; in a solar, the contrary is the case. 

10. From the end of tl'o dclleciion, again, drav/ a line to the 
central point, and upon this line of the middle lay off the lati¬ 
tude, in the direction of the dcf]i;elicjn. 

11. From llio extremity uf i.h-.5 latitude dc.ecribc a circle with 
a radius equal to Imlf llie measure oJ’ the eclipsing body: what¬ 
ever of the disic of the e»‘li|jsr;d body is enclosed within that 
circle, so much is swjdlowcd up by tliu darhness {lumaif). 


The phriwchi-'^y ofil'i! \v\: i'.i llii*: i* sniijs'rtiijit intricate and 

obstiurc’, it i- ffl'y f\pi:diu' l l>. I'n: ii'.r.yy. .•I'i, iiu[.?''d, its ninan- 

inir is als') ilf'hi>'iiil • with -i-iiii rli-:'ri;i-- ir.Mi! ♦'In' •■miditious yf the 
problem sinieiii t-* if :-"ivi 1. b i- ii--niii--.l tw n-pivsi‘;jt the dc‘f!>*ciiou 
of till-UP liin' lU tlic '/f grentest 

olipi'iii'itii'ni, niiii It' ii\ tli !•! ill ■ !■ -i' tlji- I'dipyiig IkkIv 

at that in-'in-ii!. 'i'lii- li. i-. lii;'. i'.. i • I - 'IfLcrihiin.*,! b 3 'a 

Si'fwmhii*} f!:-! I ' lij-ti'.'bvi-fi'.!ii c-i.-m or .■'oiitii point of 

tin-figure. 'Mi'' Jir"!. iiHi*-'.i'iii i-. wlii-h ui two p'Miits shall 
the iliip‘i;tirt!i l-s* "'i'. ■'’ ■I ''i'- i'si* I-* li- >■ ■!‘Mv ■!i-:iwu. N'.iw since, 
aecordiP:: !«• '• i*»' I". I'l" i.'ii't ' ■ ii.'i-h’ls ■ •..•.■isiircd upun the litae 
of dcfle. i.i'-!i, the lu'.i 'r n •..>? 1<- iirf.-.p -ouiiiniiv.l or uorlliward twcord- 
ing to the •lire"ii*‘ii in whi'-li tin- l-iiii'iih’ i' in li- itit'. And this is 
the mouiiiiig cl iin; 1 i-l p..r' ^e. - .* - ; *• iti Ji.e nnmcl\', with 

the diri'<‘l!nn in :i ■ Mi-..', r- .n !'■ ■ p.-n-r uf the verse, thn 

latituih' !«: m b;- ■:;.!«!!. i!-,- i ■ dii\-etii*ii fr-'ia the north 

or s«.nitli p-iiii!. P-i lh:i-i ^■■i"riiiii.<-'. th - 'i-'ii ■‘linii be measured ? 
Thi.s must, of ■•••nr'.o. be mIp-*.) b\ ii.e ibrei iimi uf the duiieotioii 
itself: ifsoiidi, ii isuif-t ■,i!nii--.!^!y }•■ j!) -i-in-i-il i-.,-! I'l-inn liie north point 
and west from tlie sniiiii )»n:!ii: if Mi';-!ii. tiie e.iiitrarv. The niles of 
the text are in ;n-nrdai!''e wr.h tliis .•il'lnuiLdi th.‘ f!e{-.M-iiiiiiii:g eireuin- 
blatie,u is in:i'K- to b-' thi.- :'i-.ri'i*Oiii-*nt or iioP-.-ijiVvinoR':. in respect to 
direction, of ilie tK-ilt‘-:i'.'»n with t!;:* nr^niiV hiMiide—liie Liter being 
this lime reeh*-.-.-.1 in ii- iv..:> pi..]i v iViv iU).:. a'.i i in a luninr 
eclipse, ve\er.'e-l. 'I’ims in t!i ‘ »':ise l«.r wliieh l!ie lignro is drawn, as 
the iniK>iiV Ltlinde \> :tn i iiiu i be Lin oiV n<irthw.*n‘d from M, 
the deih;i;l.ii>:i, i‘'n'. iiieasiiii.-n froii! the nurd ]*i'int; ns dcflcctiou 
and lalittple are. luii'i so':lli. !i is measni'eil e.->i fii .11 N. In an eclipse 
of the sun. on dm odier hiiinl, the moon's hitilu woiiM. if nortli, be 
laid ulf nordnvai'il. as in tiie li:!:iire, ami heneo alsi>, the dellcction would 
be oieasurud iioni the north point: but it would he measurod^eastwaid, 
if its own direction were south, 01 disagreed with that of the latitude. 

The lino of detleetvon, whieh is M w' in the ligniy, being drawn, and 
havi^ til# direction of a perpendicular Ut tho ecliptic at the moment of 
opptw|j^ i^e moon's latitude fur that moment, M 2", is laid off directly 
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upon it Tlic point /" is, accordinply, the position of the cenlrc of tho 
shadow at the middle of the eclipse, and if from tliat centre, with a 
radius equal to the scmi-iliaiuetcr of the eclipsins; hody, a eirolc he drawn, 
it will include so much of the disk of the oclii)sed body as covered 
when the ohscuratiim is i;rc!dpst.. In the Injure the eclipse is shown as 
total, the Hindu ealeiiklioiis making it so, althongh, in fact, it is only a 
partial eidipse. 

12. Hy the wise man who draws ilic prt»jcc.tion {/-JtcdyaJca), 
upon tho grounJ or upo:j a boiird, a reversal of directions is to 
be made in the ea.*'iern and wesu rn hcijjisjdicrcH. 


This verse is inserted Iutc in nrdi-r Id n-i'inv** the ohjeelljin that, in 
the eastern hemisphere, imii cil, all 1:die» iilace a< state«l, hut, if the 
eclipse oi’curs west of the. iiU‘:'i>li:'iii, llie stiile<l diiveii-ins retpiire to he 
all of them reversed. In Drsh r in ini h v-i'antl ihi*-. Dl-jectiDn. wc must 
take notii’c of the erigin aiel li'.cral iifaiiing tif ihe Sanskrit words 
which dc>igiiate the carilinal ilireciioiis. Tlii: hicf ef tin- nhscrver is 
supposed always to he •■a'Jtwanl: llieu *• e.;"!" \> prniii\ " I'iirwan!, toward 
the front"; “vest" p'l'rat, “ haekwaril. Mwanl iln- lear”: ‘■snulli" is 
dakmina. “ on the righl" ; “ norlh" is vUnrn, “ lipward" (i. e., iirohiilily, 
tow.ard the niiHiiiiaiii", nr up tin' c.iiir'^e nf the river-; in Mi-.rlii-weslurii 
India). These wnrds a]ipl_\. then, in etymniogicnl only when 

one is looking ca.-twnril—.'liMl .mi, in the. pre-M-iit •■a-", «.n!y wIumi the 
eclipse is taking plai-e in Ine l.■:l^l'■rn In-ini.-tihiTC, and tin- pr<*jceior is 
'■ watfdiiiig it from ihe west side nf his jirDjf'ii"n. with Ih" latter |ier<»:n 
him: iti on the other liainl, he r-'iiniv'■« to K, tunrmghis fa'-c weNlwiiiil, 
and eomjiariiig the pheien.ieiia tiie\ ni-.-ur in tin* we->i> r.i heinisplirro 
with Ills delineation (jf iheui, then *■ forwa''ir‘ (/o-djo) is im h-isger easl, 
but west; “ right.’' {dakshinn) i-< un longirr Muitli. lull nortli, etc. 

It is uniiecessarv to poir.t mit ilial tl i" Dlijecliiiii is jiii" cf the most 
frivolous and haii-s])!itting ehar u-ler, and nMnov.-d hv tin- ti-\t a waste 
of tnmhle : the terms in iiucMi'i'i have fiillv .-n .iidreil in the language an 
absolute meaning, as inilii-.-iling in wiiliDiiiregard to the 

position of lliu observer. 


13. Owing ti? her clcarnc.".®, cvcri the i welfih p.irl of the imion, 
when eclipsed {^rastu), is nlwervaMc ; but, owing to hi.s piercing 
‘bnlliancy, even three minutes of tlie sun, when adip.scd, arc not 
olQBervaSle. 


The commentator reg-ards tlifs iieg.ativc whicli i.s c.\prc.sscd in the l.at- 
* ter half of this verse, ns also inijilicd in the fonner, the meaning being 
that an obscuration of the moon’s (li-<k extending over only the twclflli 
part of it does not make itself a])parnnt. "NVe have preferred the inter¬ 
pretation given above, as being hcllur nceordant both with the plain and 
simple coastruction of the text and with fact. 

14. At the extremities of the latitudes make three points, of 
corresponding names; then, between that of the contact and 
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that of the middl^ and likewise between that of the separatiot]^ 
and that of the middle, 

15. Describe two fish-figures (matsi/a): from the middle of 
these having drawn out two lines projiicting through the moutii 
and tail, wherever their intci'secliou takes place, 

16. There, with a line touching the tliree points, describe an 
arc : that is called the path of the eclipsing uody, upon which 
the latter will move Ibrwaid. 


Tho ricflcctinn ninl llic hitilMilo of Ihroo poiutrs in the continuance of 
the eulipso having hci'ii ilotcnniiiod niid lairl dovMi upon the projection, 
it is deemed iiniiotTss'iry to take llu* s-ain-' troiiMc with ivgard to any 
other points, llu-sr: throe heing ■‘uliidi'iit i>t •h-tcnniiiu the path of the 
eclipsing body : arfui’diiigly, an arc oi* a circl'; i-* drawn through thelta, 
and is TOgiiHloil as rcpr-'scMliuu: that iKith. 'I'hc nii;th«vl of d(>!(eribing 
the arc is till! sMiiK* wi'li iliai. whicli ha" alr-ady licen more tlian on'ue 
cniployod (sec aliovc. iii. 1--’, tl -4“J'l; it i> f‘\plniii(-<l hero with some¬ 
what more rallin-s-. than lis-r.-r.-. 'rii'is. ia tin* lig'irf', f, /and I' are the 
three extreinilu-.s «»t‘ I'm- imu n*- l-i-ivi-h-. ;■!. nioiii'Mi1« of contact, 
opposition, a!i>l s'-iiaraiii»i. risjj.s-iiii-'y; v.c jnla and upon 

these lines ile-erilii' ti.-.li-ti'jriir< < (-ee ii'*'*' hi. l-o): their two extremi- 
tie.s (“inoiilii’' avil ••taii") ar- iiaiiiviti-d 'ny th'* inli'isiei'tins: doited lines 
in the ligniv: liien, at sli.- not iisi-l'al'- i la (ii-.- figm-e, where thofe: 

lines ilrawii tiirougii T;!--iii nKi't r, i*. I'le centre of a circle^' 

pawing tlirougii /, a.-d 

*■ ‘ 1 ' 

17. I’rom hnlf th? .'uni iV.e rf:ip?ed and cciip.singbodies 

subiraet tho ainoiuii oi !!< eal'-.iilalod for any ^veni. ^ 

time: take ii lisili' siiek o<pul to I’ne rcmainilor, in digits, an3, .‘f" 
from the ivnlr.'il poii;-., 

18. Lav it Oil' toward Ih-’ path upon either side—when the 
lime is lieforc that of greatest oli.^eiivaliou. toward the aide of 
contact-; whon tho ohse oral ion i.s'h'creasing, in the direction of 
separation—and wlu ro liic sliek ami the path of the eclipsing 
body 

li). ]\fect i»nc anotiirr, that ]v>int describe <a circle with a 
radius equal to hall'the celi]!slug hodv: whatever of the eidiw^d,. ' 
body is included within it, that point out as swallowed't^by ; 
the darkness {tunKia). ' 

20. Take a little stick equal to hah’ tiie difference of the 
measures and hiy it olV in the direction of ontact, calling 

it the stick of itnini'isiiui (niimlimii): whe c it touches tho patl^. 

■ 21. h’roiu that point, with a radiu.s equal to half the eclipsing' 
body, draw a circle, as in tho former case: where this meets the 
circle of tho eclipsed body, there immersion takes pl^yce. 

22. So also for the .emergence {unmUana), lav it off in the 
direction of se^iaration, and a circle, as oefbre: it will 

show the point of emergence in the manner explained. 
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■ Tlte method of these processes is so clear as to call for no detailed 
explanation. Tin' cciifiv of the eclipsing bod)' being supposed to bo 
always in the .ire //■'/', drawn as direi’led in the last jiassage, we have 
only to liv a point in l1ii>i an* which shall be, at a distance Iroin M cor- 
respoiuling to llie ealcnlatcd distanc.e of the. l■l■lltl'es at. the. given time, 
and from ihat point to describe i eire.Ie of the diinenVions of the eclipsed 
body, e.'.id the resnll will be a r''|>reseiiiati()n of thu tben phase of the 
-eclipse. If the point thus ti\ed be di^t.anl from M by llie ditl'ercncc of 
the two seniMliainelnx a> M /. Yi f.\ the ein-h's dc.seribed will toueh the 
disk of the eclipsed hmlx at tin- points of iuimersioii and cmeigeiieo, 
t and e. 


The ]):irt ebsoured. when less than half, will l>c duslxy 
{sadhttmret)-. when niore than lialC, it will bo blaeU ; when einorg- 
ing-, it is dark eopper-color when the o’oseurutiou 

is total, it. i.s tawny {bif-iUi). 

The eiunmciilnry .tM-' tlie imp eir« iim-t:iiii-e. oiiiilii'd in tlie 

text, that the nionn aloin* is In'ir spoken of; no h|ii-eiiii-.-iiion iu-ing 
added wiih ivfi‘'-.Mn'i' to the -nn, l.eeau-e, in a solar n-dipse, the part 
obscured i> al’Aji's blc-Ii. 

A moiv .ciiitatili; j.i.-. inii^'it In-ne bi'i'ii fniiiid t’l".-tiiU mt.'Si* in tl'i- 
fourth cliapi'T, as ii lia> iiolliiii'j: to 'lo viih die in-'ji'i-ii.iii of an or-llpiie. 

2*1. This iny.sierv id’ tlie ood-i is in*l !'• be impaib'd indiscrim¬ 
inately: tl in to b(j inadn known to the, \v« li-lricd [iiipil, who 
remains a voar under in.siruetiini. 

mf 

The coin5iiemar\ ■.iihler'itaiiils In lliis mislery, wiii.-li is to be kejit 
with so jealous l■■ll■e, 11n' knoi\ii'il:.o- o! ilo- siil'i'-e! of this eliapiei*. tho 
delineation f»f an •■i-lip-e, and i."i ihi- !^■‘nl■^.■d 'nbje.-t of ei;)ip'*,i, :i:, 
treated in the ]iasl tlip-e i-liajiii-r-. !i sei-iii" a lilil.' I'arioi:.- i.o linti a 
matter of so siiboriiinale fnn'.‘iji.4-iirc hi ralilcil *• ■ pouiji.iiisly in the. 
first verso of tlie ehajiler, and gn.'ir.li il .su eaiiiioii'-U .U i' ^ elo'f. 


C II A T' 'I' K It V 1 1. 
or iMi.\xi;r.»av (.'os.TrxrrTONrf. 

CosOTirrs :—l, general clas-ificition of pmnclnry ron,junctions; melliail of do- 

tcnniiiin'r at what point on tlie ecliptic, ami at what time, two plaiii'ls will come 
to have th>: samp Imigitinhi; 7-10, how to finil llu- point on tliu ecliptic to which 
a plani't, having l.itilii<]p. will be refcirpil by n circle passing tlinuigli tho north 
ami Honth points of thn horizon ; 11, wln-ii a phaiiel must bu ho referred; 12, how 
to ascertain tVie interval between two planets when in ctnijiiiiclioii upon such n 
north and south linu; 13-14, dimensions of the lesser planets; 15-18, modes of 
exhibiting the ctiinoiiltinre between the calculated and actual places of the planets; 
18-20, definition of different hiuds of conjunctiou; 20-21, when a plaoat, in con- 
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juacUoDiii vanquiihed or victor; 22, farther doGiutiun of different kinde of coi^ 
junction; 23, usual prevalence of Venae in a conjunction; S8, plonetaiy oonjuno* 
tioni vith the moon; 24, conjunctions apparent only; n'by calculated. 


1. Of the star-planets there talce place, ^Yith one another, r 
encounter (yuddfia) and conjunction {samtHgama ); with the moon, 
O'.nijunction (sarndyarna ); with the sun, heliacal setting (astarruma). 


'Hie “star-iilaiiuls” {tOrttyraha) are, of course, tlu* five lesser planets, 
exclusive of the suii aiid iiiouii. Their conjinictioiis with one another 
and with the iiiodii, with the xsteri^in^ {imkxhutra), ami with the sun, 
arc the suhjecl'i nf tliis and the tw«> ehapters. 

For the general idea of laiiijiiiiction" various tLMiiw are indifferently 
tunployed in (hi-, chaiiler, as sanwyanta, " eoiiiing logclher”, samyoffaf 
“ conjiiiietidii,'' yf^a, *■ jnnetion" (iu viii. 1-t, al-io, htvlaku, ■‘meeting’’): 
the word ytili, “ union." whieh i^ eon-tantly useil in ihe same sense by 
the commentarv, am! sshieli •■ntei^ into tiie title of the ehapter.yroAfx- 
ili*es not oenir any^^here in the text. 'I'ln: word which 
we translate “ em-ountoi','’ yndifha. im an- literaHy “war, eonflict." 
Verses 18-‘20, ami ver-e heljiw, give ili-tinetivo <iotinition« of some 
of ihe dilVei'Liil kinds of eneoiiiiter and eenjiinetion. 


2. When the Inngitiide of the .'^wilVinoving jdanet i.s groaU^r 

tliaii thill of llnr one, the eoujunctiori fst' is oth¬ 

ers i.si*, it is to conte: this i.*- the case when tin? two are moving 
easlwiird; ^||iowever, they are rctro.srmling [vakriu), the con¬ 
trary is trulRF 

3. When the longitude oftiio one ntoviug eastward is greater, 
the conjuiiGlinii {stinUiganm) is past; VjuL when that of the one 
that is retrograding is greater, it is to conic. Multiply the dis¬ 
tance in longitude of the plancu?, in minutes, by the minutes of 
daily motion of each, 

‘L And divide the products by the diftercnce of daily motions, 
if both arc moving with direct, or both with retrograde, motion: 
if one is retrograding, divide by the sum of daily motions. 

5. The quoiienl, in minutes, etc., is to be subtracted when the 
conjunction is psi-st, and added when it is to come: if the two are. 
retrograding, the contrary: if one is retrograding, the quotients 
are additive and subtractive rcsncrtively. 

6. Thus the two planeu-^, situated in the. zodiac, are made to be 
of equal longitude, to minutes. Divide in like manner the dis¬ 
tance in longitude, and a quotient is obtain ?d whLh is the time, 
in days, etc. 

The object of this process is to Jctcrniiiic where and when the two 
planets of which it is dosirfd to calculate the conjunction will have the 
■amc longitude. The directions given in the text are in*the main so 
clear as hardly to require explication. The longitude and the rate of 
motion of Uie two planets in question is supposed to have been found for 
some time not far removed from that of their conjunction. Then, in 
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detenniuiDg whctlu'r the conjunction u past or to come, and at wlijit dis¬ 
tance, in arc and in tiiuo, tiiii'v sejnirutc cases require to be taken iiiU» 
l^nnt—when both are mlvaneing, when botli arc I'clrogrnding, and 
when one is ailvaneiug nuJ the other retrograding. In the two former 
cases, tlie planets arc ajiproaching or receding Iroiii one another by tlie 
ditfcrcuec oftiieir ilaily motions; in tlie latter, by the siiiii of their daily 
motions. I'he point of euiijiinetion will b(‘ found by the following iiru- 
portiun : as the daily rate ai which the two are ajipronehiiig or ivueuing 
iroin each other is to their di»tiiU ('0 in liniLritiide, so is the d:iily motion 
of each one to ilic disl.-nice wiiidi i( will have to move bofoi'e, or wliieli 
it luu moved ^ince. the eoniiiin lion in lon'^itiide. 'I'he linn-, again, 
elapsed or to elajtso between the gi\( ii monn-iil and that of the conjnne- 
tion, will be found by dividing the distance in loiigilinle by tbc same divi¬ 
sor as w'as used in the other pait I'f the process, iKum ly the d.aily rate 
of approach or separ:ition I'f the Iwn planets. 

The only other matter which si^onis to call fur more special explniia- 
tion tlian is to be found in the (e\r i», at what morneiiMhc priiee>is of 
calculation, as thus eouilucted, >hall cummeui'i*. If a lime be lixed 
upon which is too far reniuvi-d—M's. fur iiisiaiiee, by an iuter\al i>f se\- 
eral days—from the moinenl uf :ii:tiial ■-uniuiietiun, ihc rale of iiioliou 
of the two planets will be li-iMc to I'iiaii'^c in thi' mean lime so miieh .'i" 
allogethor to \itiaie (lie eorreeiiicss uf the e.-deiilaiiun. It is prubalile 
that,'as in the calcidatioii of an c<-lipse (si-e .-ibove, imte to iv. ?-><), we an* 
supposed, lictore eiiieriiig n|»oii tlie pariieular ]iroi*esN which is the sub¬ 
ject of this pa-saire, to havi- asi-fitaiin'd, by previmis t|ij|||tive eah iila- 
tioiis, the miilni-jrht next prcceiling ur fulluwing the eoiflpetiuii. and \<t 
have dcterniini'il fur that lime ilu- lull•^illl•ll■s ami rat<-s ot ntoiiuu uf the 
two planet>. If >o, ihi'ui)»*raiii*n will gi\e, witliuiit farther repetition, 
results liaviiii; the drsiivil ilecfrce uf a''eura'‘v. 'I'h * euimneiilarv, it mav 
bo rcmarkeil, g^ve^ us no ligiii iipi>n iliis [xiini, a-, it -rave ns iMiie in the 
ca.se of the eclipse. 

We have not, howe^or, tlin-' useertaiii'''! tin* tin!.- ■•'■.nl place, of Iho 
conjunction. This, to ilic. Mimln ajqiii lieii-iini, i iHx-s pl.-n-f, nut when 
the two planets .ire tipmi the .“anie '■■eiei.laii tc the eelipth', but when 
they are upon the same .•.c'cunriarx l'i the .irinie vrrtieal, or njtoii tho 
same circle passimjr tliroiigh the north ami .-nnlh jifiints of the. horizon. 
Upon such a cireie, two .stars rise and set .simnltaiicunsly ; upon .inch a 
one they together pass the jneriilh’-.i: sm-h a line, then, determines 
approximately their rclativ'c lieigh.t aliovi; the horizon, eacli upon its own 
circle of daily revolution. We iiave .also .‘•i cn above, when considering 
the deflection (valana —sec iv. 24-25), that a seeond.iry to the prime vei*- 
tical is regarded as dcternsiiiing the north and south directions upon the 
starry concave. To ascei'lpin what will be the phiee of each planet upon 
the ecliptic wlicn reforre.tl to it by such a circle is the object of the fol¬ 
lowing processes. 


7. Having calculated the measure of the clay and night, and 
likewise the latitude {vikshepa), in minutes ; having determined 
the meridian-distance (?iato) and altitude (unnafti), in time, accord- 
iDg.|o the corresponding orient ecliptic-point {lagna )— 
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& the latitude by the equinoctial shadow, and divide 

by twelve; the quotient multiply by the meridian-distance in 
nadb, and divide oy the corresponding half-day: 

9. The result, whoii latitude is north, is subtractive in the 
eastern hemisphere, and additive in the western; when latitude 
is south, on the other hand, it is additive in the eastern hemi¬ 
sphere, and likewise subtractive in the western. 

10. Multiply the minutes of latitude by the degrees of declin¬ 
ation of the position of the planet increased by three signs: the 
result, in seconds (aZ/at/uj, is additive or subtractive, according as 
declination and latitude are of unlike or like direction. 

11. In calculating the conjunction (yoya) of a planet and an 
asterism {nakshatni), in determining the setting and rising of a 
planet, and in diiding the elevation of the moon's cusps, this ope¬ 
ration for afiparenl longitude {flrk/canmoi) is first prescribed. 

12. Calculate again the longitudes of the two planets for tho 
determined time, and from these their latitudes: when the latter 
are of the same din;ction, take their diil'erencu ; otherwise, their 
sum: the result is the interval of the planets. 


Tlic whole operation for cletoniiiiiinp: the on the ecliptic to 
which a planet, liiiriiijx a oivcii latitude, will be roferred by a secondary 
to the prime vertical, is •■allcil ita drkkarman. Ijoth parts of this com- 
pound wc have had beftiri*—tin:latter. Minifying "operation, process of 
calculation," in ii. .'i7, 4'J, etc.—f-ir tin* forniiT. .-oc tho notes to hi. 28- 
34, and v. o-O : here wc arc to iiinlerhtnnil it as signil’ying the ‘'appar¬ 
ent longitude’’ of n planet, wlini rofern'd to the ecliptic in the manner 
stated, as distiiiguisheil fmiii it» true <>r .actual longitude, reckoned in the 
usual wav: we accordinglv trau.-latc the whole t|>rm, .as in verse 11, 
“ operation for apparent longitude." The operation, like the somewhat 
analogous one bv wliirli the ccliptie-detlceiion (valanu) is dctcnniiied 
(see above, iv. 24-2fl), consists «if two separate processes, which receive 
in the commentary distinct naiiics, .'‘oiTC-oponding with tho.se applied to 
Utc two parts of the. process fur caliailaiiiig the deflection. The wholu 
subject may be ilhistraleil l>y reference to the next flgurc (Fig. 28). This 
represents the projection of a ]):ii-t of tho sphere upon a horizontal plane, 
N and £ being the north and cast points of the horizon, and Z the 
zenith. Let 0 L be the position of the ecliptic at tlie moment of con¬ 
junction in longitude, C being the orient ecliptic-point {lttjna)\ and let 
M be the point at which the oonjnnction in longitude of the two planete 
S and V, each upon its parallel of celestial latitude, c I aijd c i\ and hav¬ 
ing latitude equal to SM and V M respectively, wil take place. Through 
V and S draw secondaries to the prime vertical, Is V and N S, meeting 
the ecliptic in v and a: those latter arc the points of apparent longitude 
of tlie two planets, which arc still removed from a true conjunction by 
the dUtimee v s : in order to the ascertainment of the time of that true 
coqjunotien, it is desired to know the positions of v and «, or their re¬ 
spective distauces from M. From F, toe pole of the equator, draw also 
circles through the two planets, meeting the ecliptic in and v' : then, 

la 




• in order to find M f, wc ascertain tbe values of t»' lUid M s'; and, in ' 
. like inhuucr, to find M v, we'ascertain the valaes of vv' and Me\ Now 

at the emiator, or in a right 
mlierc, the circles N S and 
rS would coincide, and 
the distance « s' disajipcar: 
hence, the amount of s s’ 
being dcpcnilcnt upon tlie 
latitude {aksha) of the ol>- 
server, N 1*, tlic process 
wliich it is calcnlntud is 
called tlii‘ '‘operation for 
latitude” (oil'sAuc/rjtitermon, 
or cl c itl-tka drkkarman). 
Again, if J' and P' were the 
same point, or if the eclip¬ 
tic. and equator coincided, 
P S and P' S would coin¬ 
cide. and M s' would disap¬ 
pear : hence the process of 
calculation of M s' is called 
the '' operation for ccliptic- 
dovialion” {ayanadrickar~ 
man, or dyanadrikannan). 
The latter of the two pro¬ 
cesses, although Btatcil after 
tlie other in the text, is the 
one first explained bj the 
coniinuiitary: wn will also, 
as in the case of the deflec¬ 
tion (note to iv. S4-35), 
give to it our first attention. 
The point s', to which the planet is referred by a circle passing through 
the pole P, is styled by the commentary ayanafraha, “ the planet's Ion- 
^itnae as corrected for cclipt'e-dcviation," and the distance Ms', which 
it ie desired to ascertain, is called ayauakal&s, ** the correction, in min- 
utcia, for ecliptic-deviation.” Instead, however, of finding Ms', the pro¬ 
cess taught in the text finds M t, the corresponding distance on the cir> 
ele of daily revolution, D li, of the point M—which is then assniiied 
equal to M s'. The proportion upon which the rule, as stated in verse 
10i iv ultimately founded, is 

. B: sin M S t:: M S : M < 



the triangle M S t, which is always very small, being treated as if it 
were a piane triangle, right-angled at 1. But now also, as the Intitudo 
M S is always a small quantity, the angle P S P' may be treated as if 
qqual to PaIP' (not drawn in the figure); and this angle is, as was 
i^own in connection with iv. 24-25, the deflection of the ccliptiv froui 
^ equator (dyana valana) at M, which is regarded as equal to tha 
point 00” in advance of M: this pointy for conveii-. 
gP^^v^,we win call M', Our proportion becomes, then 
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aU the quantities which it contains being in terms of minutes. To brine 
this proportion, now, to the form in which it appears in the text, it 
made to undergo a most fiintastic and unseientmo seriei 
The greatest declination (ii. 2^ being 84*, and Hs sfne'l$9y',V1 , 
nearly fift]r*eight times twenty-four—race 
that fifty-eight times the number of degrees in any given ud 
tUm will be canal to the number of minutes in the sine 'ot l!hal'''al^ 
Again, the value of radius, 3438', admits of being roughly 
the two factors fifty-eight and sixty—since 58X60=3480. Sdinfltw 
ing, then, tliese values in the proportion as stat^, we have 

58X60 : 58Xdecl. M' in degr.:: latitnde in min.: M 4 

Cancelling, again, the common factor in the first twotermii'and tfliiNi’ 
fening the factor 80 to the fourth term, we obtain finally 

1: decl. M' in degr.:: latitude in min.: M f X60 

that is to say, if the latitude of the planet, in minutes, be mnltipUcd 1^ 
the declination, in degrees, of a point 90* in advance of the planet, the 
result will be a quantity which, after being divided by sixty, or reduced 
from seconds to minutes, is to be accepted as the required'interval on 
the ecliptic between the real place of the planet and the point to whi^ 
it is referred bv .i seroinlarv to the eqnator. ^ 

This explanation of the rule is the one given by the coi^^eiijM^ 
nor are wo able lo see that it admits of any other. The nraOO^^^^df 
the original proportion to its final form is a process to which WO; 
heretofore found no parallel, and which appears, equally abafii^' aii^ 
uncalled for. That M 4 is taken as equivalent to M s'has, aa w!U 
from a ci>itsidei-ation of rlie next process, a certain propriety. 

The. value of the lire M s' being thus found, the question arises, ia 
which direction it shall he. measured from M. This depends upon Hihs 

f iositiou of M with ruferonce to the snihtitial coliirc. At the coluTV, the 
ines PS and P'S coincide, so that, whatever be the latitude of a planet, 
it will, by a secondary to the equator, be rofciTed to the ecliptic at its 
tnft jpoinl of longitude. From tiio winter solstice onward to Uiq auinmer 
solstice, or when the point M is upon the sun's uorthward path (aiUar^t^ 
yaua), a plauci having north latitude will be referred backward on tb^ 
ecliptic by a circle from the pole, and a planet having south latitude vnll 
be referred forward. If'M, on the other hand, bo upon the sun's sbiith* 
ward path {dakskiRAyana)^ a planet having north latitude at that }x>iut 
will be refen-ed forward, and one having south latitude backward: this 
is the case illustrated by the figure. The statcn'.cntof the text virtuaRy 
agrees with this, it being evident that, when M is on liie northwara 
path, the declination of the point OU** in advauco cf it will be north; and 
the contrary. 

Wc come now to consider the other part of the operation, or the 
dkska drkkarmany which forms the subject of verses 7-0. '4a the 
step, wc are directed t.o .oscertaiu the day and the night respecUvely of 
the point of the ecliptic at which the two planets are in conjunction in 
Idifgntttde, for the purpose of determining also its distance in^^e frdm 
the norixon oad from Che meridian. This is accomplianed as' follows. 
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Having the longitiule of the point in question (M in the Inst figure), 
«e calculate (by ii. 28) its declination, which gives ns (by ii. 60) tlie- 
'^radius of its dinmal circle, and (by ii. Cl) its asccnHionsil ditference; 

' jprhencc, again, is derived (by ii. 02-63) tlic length of its day and night 
4kgain, having the time of conjunction at jil, we easily calculate the 
>jibn’R longitude at the moment, and this and the time together give us 
(by iii. 40-48) the longitude of C, the orient ecliptic-point: then (by 
iii. 50) we ascertain directly the ditlcrcncc between the lime when M rose 
and tliat when C rises, which is the altitude in time (unneda) of M : the 
difference between this and the lialf-day is the ineridinn-distnncc in time 
(nota) of the same point. If the conjiinctioii takes ])lacc when M is 
below the Imrizon, or ihiring its night, its distance from the horizon and 
from the inferior meridian is dctermiiii'd in like manner. 

The direct tibject of this part of the general ]ii'ocess being to find the 
value of a s', we note first that that ilislance i> evidently greatest at the 
horizon; faiilier, that it disn]i|iears at the meridian, nliere the lines PS 
and NS coincide, if, then, it is argued, its value :it the horizun ran be 
ascertained, we iiinv assume it to varvas tin*.diMam'e from the meridian. 
The accompanying tigiire (big. l’ii) will ilhislriiti' the method by which 
it is attempted to culeiilale ;( 6' at the liori/.eii. Suppo-e the planet S, 
pi;, og_ being reiiioveil in latitiiilc ti» the distanee. 

-M S fi’Diii M. the point 'if the eclipiii; 
wliii-li tb'lcniiine-iih loiigiinde, to be upon 
tlie horizon, .■iimI let as before, be the 
I lint 111 wliii-b it i.- referred liy a eip-le 
from the iiorlli ]i)>le: it is desiredtfidetcr- 
niine the value uf jTl/ t J) ft be tlie 
cirele (if diurnal levoluiion of the point 
M, meeting S s' in ^ and the lioriron in w : 
S tw may be reijavdeil us a plane rigbt-anglcil triangle., linving its angles 
at S and w re*»]iertiv(!ly efjiial to tin: olv'-erverV lalitinle and co-latitudo. 
In that triangle, to iind the. lubie of t ic. we slioiiM make tlio jimportion 
cos t S w : ‘•ill ^ S «■:: i S : / w 



Now tlic fir-st of the>c ratio.', tliat of the eo>i»:e to tlio .'inn of latittflc, 
is (see above, iii. 17) the. s,'line with that of iho gnomon to the equinoc¬ 
tial shadow: itgain. ns the. ditferein-e uf M i and M.t' was in the pra- 
eeding proccs.s neglected, so here the. dill'erenee of SM and St; and 
finally, i w, the true result of the process, is accepted as the equivalent 
of ^a, the distance sought. I’hc proportion then becomes 

gnoin.: cq. shad. : • latitude: required di-t. at horizon 
Tho value of the rcqiiirnd di.stancc at the horizon having been thus 
ascertained, its value at any given altitude is, as pointed out above, deter¬ 
mined by a proportion, as follow.^ : a.s the planet'distance in time from 
the meridian when upon the horizon is to the value of this correction at 
the horizon, so Is any given distance from the meridian (nato) to tho 
value at tliat distance; or 

half-day: mer.-dist. in time:: result of last proportion : required distance 

T!io direction in which the distance thus found is to be reckoned, start¬ 
ing in each case from the dyana graha^ or place of the planet on the 
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ecliptic as determined by a scconuary to the equator, which was ascer¬ 
tained by the preceding jirocess, is cviduutly as the text states it in verse 
0. In the eastern licmispiiere, which is llic case illustrated by the figure, 
s'a is additive to the longitudi; of s^, while v'w is subtractive from the 
longitude of f': in the wustern hcinisplicrc, the contrary would be the 
case. The final result thus arrived at is the longitude of the two points 
8 and to which S and V arc referred by the circles N S and N V, 
drawn through them from the north niul south points of the horizon. 

The many iimccuracics involved in these ealciilatioiis are too palpable 
to require pointing out ni detail. The whole opcr.*itiou is a roughly 
approxinuitive one, of which the errors arc kept within limits, and the 
result rendered sufiicicntly correct, only by the general minuteness of 
the fpi.'intity eiiterinu: into it as its main elcmeiit—namely, the latitude 
of a planet—and by the ahscncc of any severe practical test of its accu- 
raev. It iii.av be remarked that the eoinmentarv is well aware of, and 
points out, iniist of the error- of the processes, oxcn-iiig them by its 
htereotypcil pli‘a of their insignilicain’O, and tIic im-ri‘ifiii disposition of 
the divine .'uiiiior nf tin* tri'atiM-. 


Having thus ulilaiiicd a and c. ihc a]i|iar( iit lniigiliiilcs of the two 
planets at tin' tiiin* wlu-n lin-ir true lungitinlc is M. the qiiesiion arist's, 
hi>w we shall deti'Miiiiii'till' lime nf appanMit i-imjiuietion. 1’|iou this 
piiint the text givi s n.. m- liglit at all: ai'eording to the. eoirnncntarv, we 
;jro to repeal the ]ir,ii’i-s preM'riiu-il in \erses above, dcteriniiiing, 
from ii I'oii-iileratiiMi of ibe rail* ainl iliveetioii of motion of the planets 
in coiiiieetion xiitli tln'ii' m-w ]ilai'e-, v\ licilier the eotijiiiiction suiight for 
i-pa**! or to (■•line, ami llii-n a-'eriainiiie;, by dividing the distance vs 
iiv their ilaily raie of appruadi i-r rei-essioM.the tiiiieuf the conjunction. 

It is evideiii, Iiowcmt, ilial one "f ilie l■lelll('Tl{■« of the process of corree- 
lioii for latitndi’ {tik-'-bt-lrkkurnntn). iiaim-ly the nieridian-dUtanec, is 
('hanging ‘•o rapiillv, a- l■llnlpa^ed with tholow inutioiiof the ]ilaut‘ts in 
their orbits, that -in li a iiroci''- I'niiM iioi yield re-iilts at all np]iroachiug 
to aceiira(?y: it al-o appear'! that two flow-moving planets might havo 
more than one. and I'vcn fe( eval apparent eonjunetions on siie,cessive 
days, at ditVeri'iit times in the day, being found to ^taiid together upon 
the same seiomlarv to rhe prime (eriii',*d at dill'erent altitudes. We, 
do not see how this ditlieiiliy i- mel by anything in the text or in. 
Iho e.oinm«Mitare. The text, affiiining the monieiit (if apparent conjunct'* 
tion to have lieeii, hy whatever meliiod, alre.ady deiei'iiiinod. goes ou to 
direct us, in verse 1‘j, to cahMilaic anew, for Ihal momoiit, the latitudes 
of the two planets, in order t<» obtain their iVstanee from one another. 
Here, .agnin, is a sVniiit inaccuracy : the int('vvj'l bclwei'u tho two, mcas- 
tircd upon a secomlary lii the ]irime vertical, is not pv- iscly equal to 
the sum ov (lillcrenco Iif ilicir lalitmies, wliieli are neasured upon second¬ 
aries to th('. eeliptie. Tho asecrtaiunient of this interval is necessary, in 
order to determine the name and charjictcr of the conjunction, as will 


appear farther (ui (vv. lS-i?0, -Jg). 

The eases mentioned in veise 11, in wliich, as well as in Mnlculating 
the conjunctions of txvo planets with one another, this operation for 
apparent longitude [drkkarman) needs to be performed, are the subjects 
of the three following chapters. 
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IS. The diameters upon the moon’s orbit of Mars, Saturn, 
Mercu^, and Jupiter, arc declared to be thirty, increased suc- 
oeasivety by half the half; that of Yenus is sixty. 

14. Tlie.se, divided by the sum of radius and the fourth hypoth- 
wse, multiplied by two, and again multiplied by radius, arc the 
respective corrected (sphiit/t) diameters: divided by fifteen, they 
arc the measures (jindna) in minutes. 

We have seen above, in connection with the culcnhitiou of eclipses 
(iv. 2-5), that the diniuetoi's of the sun, moon, and sh.nlow had to be 
reduced, for iiicii<iiireineiit in iniinilcs, to the moon’s mean distance, at 
which titleen yojnmis make a minute of arc. Here we find the diincii- 
sions of the five lesser pl.incls, when at their moan distances from the 
earth, stated only in the form of the portion of the moon’s mean orbit 
covered by them, their absolute &i7.c being left nndctcrmiiicd. We add 
them below, in a tabular form, both in yojanas and as reduced to min¬ 
utes, appending also the corresponding estimates of Tycho Brahe (which 
wo take from belambre), and the true ajiparent diameters of the plan- 
'ots, as seen from the earth at their greatest and least distances. 

yApparenl Diameters of tiu Planets, according to tlm Surita-SiddkuHfn, 
it- * to Tgeho Brahe, and to Modern Hcienct. 


PJanct. 

Surv:i-Siililiij''iil:i: 
in yfljniiii*. I in arr. 

Tyclio 

ItiMllO. 

i Mtiiluriis: 

Inail. grenleat. 

i 

Mars, 

i 

. f 

r 4o" 

! 4" 

37" 

Satuni, ' 

' 3-4 


r 5o" 

15' 


Meic'iirv. 

w 

45 i 

S' 

7' Id” 

r' 

Vi" 

Jiijiilur, 

53 4 ; 

•1 » * IS 

1 ,■ 1 1 

7- 4‘i’' 

3ii" 

io" 

Vt-nurt. 

! r>n 1 

■r 1 

3’ i;r- 


1 i' i4" 


This table shows bow greatly nxaggenited arc wont io be aiiv deter- 
, 49 siiiations of the iiiagnitiirli* of tlic jilanetary orlts made by the iina.v 
sisted eye alone. J'liis eflocl is due to the well-known phenomenon of 
.•the irradiation, whieii inciva‘-e'« the .-ipparenl hi/.e of a brilliant l>ody 
when seen at some distanoe. It will lie izote'Cil that the Hindu csti- 
'^ates do not greatly exceed those of Tj.clio, the most noted and accu¬ 
rate of astronomical observers prior lo the invention of the telescope. 
In respect to onler of magiiitiule they cntiruly agree, and both accord 
with the relative apparent hi/e of tliu planets, except that to Mercury 
and Venus, wliohc proportimi.-d brilliau(;y, from their nearness to the 
sun, is greater, is a-ssigiied too high a rank. Tyelio also cstablLshed a 
scale of apiiarcnt diameters for llie fixed star.'*, varying from 2', for the 
first magiiitiulo, dow'ii to 20", for the sixth. Wc do not fiml that 
Ptolemy nnule any similar estimates, cither for planets or for fixed stars. 

The Uiiulus, however, push tlicir empiricism one step farther, gravely 
laying do«m a rule by which, from these mean values, the true values 
of the apparent diameters at any given time may be found. The funda- 
proportion is, of course, 

true dist: mean disk :: mean app. diam.: true app. diam. 
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'Hu* tfticoud i«nn of ^is proportioo i» represeated by radius: for the 
first we have, according to tue translation given, one half the sum of 
radius and the fourth hypothenusc, bv which is meant “ vuiable 
hy]iothciiUBe” {mhi karna) found in tfin course of the fourth, or lalt, ^ 
process for finding the true place of the planet (see above, ii. 43-45k 
The term, however (fr/ro/»Marn«), Avhich is tranMatod “ radius and 1m,<. 
fourth hypothenusc" isimich more naturally rendereil “thirfl and fourtlr 
hypotheiiusos''; and the hitter iiitbipretution is also mentioned by the 
oouimcntator as one handed down by tradition (mmproddyika ): but, 
lie adds, owing to tin* fact that the length of the hypothcniise is not 
ealcuhited in the third process, that for finding finally the equation of 
the ceiitro {mainluknrwan), and that that hyiiuthemise cannot therefore 
he referred to here as known, modern interpreters understand the first 
metnber of tlie eoinpound (iri) as an abbreviation for “ radius" (tryyd), 
and translate it aeeorflingly. \Vi* imiNt LMinfi*'‘S that the other interpre¬ 
tation seems to ns to in' po\\ertiilly Mqqiorted by both the letter of the 
text and the ii'iison of the iiintLer. 'I'lie siil>>titulinn of Ir/ for in 
such a connection is quite loo \i(ilent to be borno, nf>r ilo wo sec why 
lialf the sum of railius and the foiiitli hypoihenu<e shouhl he taken ■■ 
representing the planet's triu' diNlaiice, rather tlnan the fourth hypothc- 
iiuse alone, which was employed (see above, ii. .'iG-5S)in ealeulating the .. 
latitude of (ho planets. On the other hand, there is reason for adopt*-' 
ing, as the relative value f»f a planet's true distance, the average, or half 
tlie sum. of the third hy]iothennM', or the planet’s distance as affected 
Viy the eccentricity of it- orbit, and the fourth, or its dist.ance as affected 
by the motion of the o.'irth in her orbit. There seems to us good 
reaiioii, therefore, to .'.uspeet that ver.se 11—and with it, probably, also 
verse 13—is an intnisioii into the Surya-Siddhanta from some other sys¬ 
tem, which did not make the gro.ssly crriii)i'ou.s arsumplion, pointed out 
under ii. 30, of the equality of the sine of anomaly in the epicycle 
{bhujojffupkala) with the sine of the eouation, but in which the hypoth- 
euuse and the kiho of the cquistioii were iluly calculated in the process 
for finding the equation of the. ap-is (manfiaknrmuu), ns well ns in tboiti 
for finding the equation of the oonjuuetion {fiahrakarman). 


16. Exhibit, upon the shadow-ground, the planet at the ex¬ 
tremity of its sluulow roversed : i* is viewed at the apex of the.,- 
gnomon in its mirror. 

As a practical test of the accuracy of liis calculations, or as a con¬ 
vincing proof to the pupil or other person of his knowledge and skill, 
the teacher is here directed to set up a gnonio-i upon ground properly 
prepared for exhibiting the shadow, and to ealculrte and Ly off from, the 
rase of the gnomon, but in the opposite to the ti '.c direction, the shad¬ 
ow which a planet would e.^st at a given time ; tipon placing, then, a 
horizontal iniri'or at the e.\t.reinity of the shadow, the reficcted image of 
the planet's disk will be seen in it at the given time by an eye placed at 
the apex of the gnomon. The principle of the expcrimenlT is clearly 
correct, and the rules and processes taught in the second and third chap¬ 
ters afford the means of carrying it out, since from them the shadow 
which any star would cast, li^ it light enough, may be aa readily deter- 
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mined ns lhai which the sun actually casts. As no case of precisely this 
' character has Intherti) 1>ccd presented, we will briefly indicate the course 
o^.'the culenlution. I'lie day niid nijflit of the planet, and its distance 
l^jltoxn the iiicridian, or its honr-aiiirle, are found in the same nuuincr ns in 
process jn-cviously explained (p. 108, above), excepting that here Ihd^ 
^.planet's latitude, and its dediiiatii'ii ns atfeeted by latitude, must be cal- ' 
culatcd, by ii. uO-oS: and then the lionr-imgle and the usecnsional differ* 
ence, by iii. 84-80, give the length of tlio shadow at the given time, 
together with that of its hrpotheniise. The (|uestion would next be in ' 
what dii*ci'tion to lay n(f I be shadow from the base of the gnomon. 
This is accoiiijilished by means of the base (bhvja) of the shadow, or its 
value when prujectcil on a iiorti: ainl sniitli line. I'rum the declination 
is found, by iii. the leagili of llic noon-shadow and its hypotlie- 

nuso, and from the latter, with the declinatinn, comes, liy iii. 22-2.1, the 
' measure of amplitude of the given shadow ; whence, by iii. 23- 

25, is derived its base. Having thus Imtli its length and the distance 
of its uxtremitv from an e.a.st and we^^t line running'lbroiigb the base of 
the gnomon, w’e bay it off wit bout dillieult y. 

16. Take two gtmmon.s, live ftibits (/lasla) iti height, stationed 
i^^^ording to the variation of rliveclion, .separated by the inter* 
/^al of the two planets, and buried at the base one cubit. 

17. Then fix the two hypollicnu.^es of the shadow, passing 
from the extremity of the .‘jiiadow through the apex of each 
gnomon: and. to a pen^^oii .situated at the point t)f union of the 
.fj|j,tremitie.s of the shadow and hypolhenusc, exhibit 

: '18. The two jilanets in tlic sky, situated at the apex cach*of 

own gnomon, and arrived at a coineiilouce of oUsorved place 

. . . 

This is a proceeding of mindi the same cIi.iractrT with that which 
forms the subject of the preceding pa^sago. In onlcr to make appro* 
^lmsible,by observation, the conjunciiun of two planets as calculated by 
Uie methods of tliis chapter, two giiomons, of r,l)out the height of a 
man, arc set u]i. At what dist.mcc and direction from one anoUicr they 
are to be iixciJ i.s not clearly shown. The I'oiinncntator interprets the 
. expression “interval of the. two plaiicl.s" (v. ](>), to nncan their distance in 
minutes on the secondary to the prime vertical, :is ascertained according 
to verse 12, above, reduced to digits by the method taught in iv. 2^ 
while, by “ according to the variation of direction,” he would nndersti 
'merely, in the direction from the observer of the hemisphere in which I 

E la^t^ at the moment of conjunction arc situated. The bitter phrase, 
owever, as thu.s explained, seem-s utterly nugatory; nor do we see of 
what use it would be to make the north .ind south inteivai of tho bases of 
. ,the gnomons, in digits, correspond with that of the planets in minutes. 

' "Virc do not think it would be difficult to understand tlio directions given 
in the tcxt*as meaning, in effect, that the two gnomons should be so ita- 
Ifoned as to cast their shadows to tlic same point; it l^uld be euy to 
thlhf Aince, at the time in question, tho extremities of two shadows 
east from on|^ gnomon by the tw'o stars would be in the same n^ITth and 
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flotttli line, and it would only be neccseaiy to set tbe second gnomon as 
far spilth o|f,-4ihe first as the end of the shadow cast by the southern star 
M'os uoith '6f that cast by the other. Tlien, if a hole were sunk in the 
ground at the point of intersection of the two shadows, and a person ^ 
Enabled to place his eye there, ho would, at the proper moment, see both. 

■ the planets with the same ghuicc, and each at the apex of its own gnomon. 

In the eighteenth \(‘rse also we lia\ c ventured to disregard the author¬ 
ity of the coiniiicntator : he translates the words drklulyatd.m iiAs 
“come within the sphere of sight,*’ while we understand by drktulyaidf 
as in other cases (ii. 14, iii. II), tlie cuincidenee between observed and 
computed position. 

Such passages as this and the pivcctling are not without interest and 
value, as exhibiting tin: rudeness of the llindti inotlioils of observation, 
and also as showing the iiiiini|iortaiit and merely illn>trati\c part which 
obsen'ation was meant to play in tlii-ir devdoficd system of .astronomy. 

18. . . . Wlicii tlion; is |■on1!u■{ of the stars, it is styled “de¬ 
piction” {nVekha) ; when theiv is “divi.sion" {hheda ); 

19. All encounter wndf/A-n) is “ ray-obiiteration” (o/ifu- 

vimarda) when tlic'rc is inuiiKil inlnglina-of rays: when the inter¬ 
val i.s less than a degree, the eiio<miiter is iiinned “dexter” {apa^ 
savya) —if, in tins ease, one bo fuint {nij"). '•'/ 

20. If the interval be more lliau a degi ■, it i.s “conjunction” 
(samdyamd), if both ari' euducAl w'itli powi {Imfa). One that is 
vanquished { fiht) in a dexter encounter ( vmarya yiuldlia)^ one 
that i.-? covered, faint lonjn), deslitule of In liancy, 

21. One that is rough, l■■»lorl^•^s, .'-■MMieh down (L'tiUivasfa)^ situ¬ 
ated U> tlie .S(Muli. i.s iiina-ly vanquished (r ). One situated liO 
the north, having brilliauey, large, is victor Ottyi'n)—and cvenlil 
the south, if jiowerfiil {halin). 

22. Kveii when closely approached, if botii arc brilliant, it is 
“conjiinetioii” {ttamuyama ): if the two arc very small, and struck 
down, it is “front” (ki't/i) and “conllict” {vfyraha), respectively!'* 

23. Venus is generally victor, whether situated to the north or 
to the south. ... 

In this passage, a.s later in .a whole cliuptor (chap, xi), w’c quit tha 
proper domain of aMronomy, and troiicli upon that ot astrology. How¬ 
ever intimately conuciactl the two scuaioes may be in practioo, they are, 
in general, kept distinct in trcalineiit—the Sidflh&utas, or astronomical 
text-books, furnishing, as in the present iiiataiioe, only the scientific basi%. 
the data and niethiMls uf oaieiilntion of the ,>osition.s of the heavenly 
bodies, their eclipses, coiijnnctiuns, risings and settings, and the like, 
while tlic Sanhitas, Jktakas, IVijikas, cte., the n.st.ologieal treatises, raakf 
the superstitious applieatious of the .science to -ihe cxplauatiou of thii 
planetary influences, and tlicir deteriulnatioii of human fates. Thus the^ 
eolebrafcd astronomer, Varalia-iniliirn, besides liis astronomies, com¬ 
posed separate astrological works, which are still extant, while' me for¬ 
mer have become lost. It is by no means impossible that tlmae verses 
may be^ interpolation into the original text of the Sflrya-Siddhknta. 
They fo^only a disconnected fn^ment: it is not to be m^posed that 
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Ihcy contain a' complete statement and definition of all the diflercnl 
kinds of conjunction recognized and distinguished by .technical apjwlla- 
tionff:;- nor do they fully set forth the circumstances ^vhich determine the 
wf^lt of a hostile “encounter" between two plnnets: while a detailed 
f dliq[danation of some of the distinctions indicated—:is, for instance, when 
'planet is “poworfiil" or the contrary—could not he given without enter* 
ing quite deeply into the subject of the Hindu astrology. This we do 
not regard ourselves ns called upon to do here: indeed, it would not be 
possible to accomplish it satisfactorily without aid from original sources 
which are not acco(.sibIc to ns. We shall content ourselves witli follow¬ 
ing till* exauqdc of the coniriicntntor, who explains simply the sense and 
connectiiiii of the verses, as given in our translation, eitiiig one or two 
parallel [i.assages from works of kindred suliject. We would uni}’ point 
out farther that it has been shnxvn in the ninsi satisfactory manner (as by 
Whish, in Trans. Lit. Sof. Madras, 1S-JV; W<-ber, in bis liidischc Studien, 
ii. 230 etc.) that the oMer Iliii'ln sciein'e nf astrology, Jis iTpresentcd by 
Var&ha-inildrii and othcr'i, n-poM's entirely iqnm the (ircok, as its later 
forms depend also, in part, upon the .Vrali; the latter connection being 
indicated even in tlic eoitimon title of tin- more moilerii tivatiscs, t^jika, 
w'hie.h comes fnim tlie l'er>ian “Arab." Weber gives (Ind. Sind. 
i|sii. 277 etc.) a tran.sl.ation of a ]iassage from Varalia-mihira's lesser treat- 
■ "feci, xvhifh stales in part llii- circmiistaiices ilctermining tlic ‘‘powe.r’' of a 
]pl)tiuel in ililicreiif situatiiiii-', absolute or relative; jiartial explanations 
upon the shiik- subject fiirnislicd to the translator in Indui by his native 

assistant, .agree with tliL.-o, am’ both ... cbjsoly with the teachings 

•■'pf tlie Tetrabilibc., tin- a>triili»gic:d work attributed" to I’tolemy. 

>,'"^*23. . . . I*crforin in like manner the calculation of tlic con- 
l-^l^ction {namytyja) of the planets with the moon. 

?■'''■-^ypliis is all that the treatise says re.spccliiig the conjunction of the 
; ,.)^on with the IcsM-r planets; of the jiheiionienon, .sometimes so striking, 
' of the oecultation of the latter by the former, it takes no especial notice. 
The eoniiiiciitator eiti-s an additional Inilf-rerse as .sniiictinics inclndcdin 
the. chapter, to the eireet that, in ealciilating a conjunction, the moon’a 
latitiidn is to be reckone.<I ao currecu-il by her parallax in latitude (atu- 
nah), but rejects it, as making the ciiapter ui';r-fnll, and ns being saper* 
fluoiis, since the nature of the e.asr: determiiics the application nqre of 
V the general rules for parallax presented in the fiftli chapter. Of any 

{ lar.-iiiax of the planets themselves nothing is said: of coniie, to cakit- 
atc the moon’s parallax by the methods as already given in, in effect, to 
attribute to them all a horizontal parallax of the same value with that 
assigned to the sun, or about 4'. , vV 

The final verse of the chapter is a c<avcat againit tbct.noi^ffliwMUiat, 
when a “ conjunction'’ of two planets is spoken 
meant than that they ap])car to approach one 
■ .Je8% this .apparent approach requires to be 
’"Influence upon human fates. 

;^'-24. Unto the good and evil fortune of mfli dp iug Byitetri ’■et 
lbrth<: the planets move on upon theif^ 6>Wii'pl!bi; approaching 
one another at a distance. 
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OF TUIi AS'i'EUlSSrS. .s ' " 

CoxTEMTi:—1-0, pohitiniie of the aiitcrij>in«i; 10-12, of certain fixed uttra; 12, d!ire» ■ 
'tinntoteat by observation the uccurncy of tliete positiona; 1", ajditting uC -. 
Itolii^i's wain ; M-I6. hr)w to determine the conjunctimi nf n planet with an - 
uierisni; 16-10, which is tlie junctiun-Btar in each asterisin ; 20-21, positions vt 
other fixed btar-s. 

1. Now arc set I'ortli llic j'lositiona of llif nstcrisms ibhn). in 
minutes. If tljc sliar** of «’sicli one, tlnm, lie multi]died 1>\’ ten, 
and increasecl by the minutes in the ])ortion.s {Utuffa) of the past 
astcrisms {dhishjya), the result will 1)0 the polar longitudes 
((f/tritra). • 

The proper title of tln< oliapltT is n(iJc!>hntnvtrahaijiii]i'i-ihtk(mi, “ fhap- 
Icr of the eunjiiiirtioii of Jisli-risins ami jilaiieN," hiil tlu* ~iilijei;t of ooii- 
juncUon occupies hut a siiiall space in it, being iiniiti-<l to a dir/'CtioiL 
(v%'. 14-lfi) to apply, with the necessary niodiHeutionc. the incthods-/.. 
taught ill the preceding ehni>tcr. 'I'in; cliapler is nniinl\ occupied 
such a definition of the {Ki^itions uf the —to \\liirl) hru addQ^ 

also those of a few nf the imn'e proiiiiiieiit among the ti\cil st;ir«—a»-£l' 
necessary in onlcr bi render their eonjimctiini’* l■aJ»!dllc of ln-ing ealciiha^^J 
IJcfore proceediii'j It* gi^e the pa'i‘>ngc w lii-h ‘■tales tin- pusitions 
tlio asleri-sins, wc will e\pl:iiu tlie inriniier in vihleli these are dciincd.'Itl-^' 
the U(:c(nii|taiiyiiig ligiirc (Fig. it*'!, let F 1. ii-prc-eiit the equator, aiid’^tl 
p. I. ihc ci;li|iiif. 1* and 1’'being tlicir resp^r.,' 

ti\e pulo. I.ft S be the pi>sitiou of i&iy 
given '•lar, an>l through it draw the circle 
of ileclinatioii 1' S ’I'lieii o i-* tlie jviint 
(111 tlie ecliptic of wliii-li tin* ili.'laiicc fr(»ni 
the lir«i of Aric'i .md fruni the.'^tui' iv«.pec- 
tively are lu re gi\t ii a.*! it*. longitude and 
l.'ititmic. So far a- the lalitiule is cmi- 
c('nieil, thix is imf nnaci-orilant with the 
usage of the tnnitix' hiilicrto. Latitudo 
(i’/A*«Arp(T. “disjijctioii") is the aiiiuunt by 
which any hi>dy is rcimived fnnn tlio 
dediiiatioii which it ought to have—that 
is, from tlic poiiiL of tlie cciiptii' wliich it 
ought to<»ceupy— declination {krA»ti,apa~ 
trfrma) being always, according to thp 
lliinlii understanding of the term, in tlife 
ecliptic, itflolt^ In the c.asc of a planet,- 
whose pi'ope*. path is in the acliptle, the 
point of that circle which it ought to occti-'. 
py is determined by its calculated longi¬ 
tude: in ^e case of a fixed star, whose only motion is about the pole of 
the heavfi^ its point of dpcUnatioii is that to which it is referred by a 
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circlo throngb tliAt pole. I'bui, in the figure, the dedination {krhnti) of 
S would be e o, or the distance of a from the equator at e^^'lts latitude 
{^vUuhepa) is a 8, or its distnncc from a. We have, ac^idiogly, the 
-We term u^cd hero as before. To designate the position in longitude 
f at, on the other hand, wo have a new term, lihruva, or, as below, (vv. 

1.5), iihruvaka. This comes from the adjective dhruva^ “fixed, im- 
ivablo," by which the poles of the heaven (see below, xii. 43) are design 
il^ljiated; and, if we do nut mistake its application, it indicates, as here 
' employed, the longitude of a star ns referred to the ecliptic by a circle 
from the pole. AVe venture, then, to translate it by “polar longitude,” 

• ns we also render viksh£jM,\\\ thi.s connection, by “ ]>oIar latitude,” it 
■ being desirable to have for thest' quantities distinctive names, akin 
with one another. < 'olebrooke employs “ apparent longitude and lati¬ 
tude,” which are objeclional»h-, as being more ju'operly applied to the 
results of the process taugbl in the last chajilcr (vv. 7—10). 

The mode of statement of the jiolar longitudes is highly artificial and 
arbitrary: a number is inenlioncd hioh, wlien mnliifilied by ten, will 
give the position of each asti'vlsiii, in niinutes, in its own “ portion” 
\hhoga)^ or arc of 13® ‘JO’ in llie ecliptic (hce ii. (i t). 

This passage presents a name for the astcrisms, tlhiuhnya, which hn.s 
• imt occurred before : it is foiiml once more belon, in \i. ‘Jl. 

:2. Forly-cight, fort}-, sixty-livc, fifty-seven, fUry-«‘ight, four, 
fl^venty-eiglit, seventy-six, fourteen, 
ft Fifty-four, sixtv-four, liftv, sixiv, forty, seventy-four, sev-- 
( Wty^eight, sixty-four. 

». Fourteen, six, four: rttara-Ashadha, {rdi\va) is at llie 
■'■'illiddle of the iiortion {bhoga) of Purvu-Ashadhn {ujiya) \ Abhi- 
'' jit, likewise, is at the end of Purva-Asliudha; the po.sition of 
l^vana is at the cud of L'ttnra-Asinidha ; 

5. ^ravishthil, on the other hand, is at the point of connec¬ 
tion of the third and fourth tjnartcrs {jmh) ol' (,h’avai.ia: then, 
in their own portions, eighty, thirty-six, tvvent\-two, 

0. Seventy--nine. Now their respective latitudes, reckoned 
from the point of declination (upuLratHaj of each : ten, twelve, 
live, north; south, five, ten, nine; 

7. North, six: uotliiiig: south, st.-von : north, nothing, twelve, 
thirteen; south, eleven, two: then thirty-seven, north; 

8. South, one and a lialf, Ihi eo, four, nine, live and a half, five; 
north, also, sixty, thirty, and also thirty-six; 

9. South, half a degree; twenty-four, north, twenty-six degrees; 
nothing—for Aqvini (dasra)^ etc., in succession. 

Tlie text here assumes that the names of the asterisms, and the order 
of their succession, are so familiarly known aa to render it nnneceuary 
to Tohearse them. It has bej||i already noticed (see above, i. 48-51, 56, 
5A-58, etc.) that‘a similar assumption was made aa regai'ds the names 
and suecession of the mouths, signi*^ of the zodiac, years of Jupiter’s 
cycle, and the like. Many of the asterisniz have more than one appel¬ 
lation : wa present in the annexed table those by which they i|ro more 
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TCnerally and..fiuniliarly known; the others will be stated farther oiu 
Nearly all titles are to be Ibimd in our text, occurring here and 
there; a few of tlie asterisms, however, (the Sth, 6tli, 9th, and l^th^i 
are mentioned only by uppellutioiis derived from the names of the dei-' / 
ties to whom they arc regarded a>s belonging, and one (the 25th) chan^.J 
not to be once di«itinctively spoken of. We appoml to the names, 
tabular form, the data piiiscMJted in this passage; namely, the positit^^ 
of each asterisiii {naks/ialru) in Ihc arc of the ecliptic to which it gircj}|;. 
name, and which is styled its '‘poilion'' {bhoga), the resulting polar lon¬ 
gitudes, and tlie polar lalitinlos. And since it is probable (see note to 
uo latter half of v. 12, below) that the latti'r were aetiially derived by ; 
calcuhitiun from trin* declinations and right aseeii.<»ioiis, ascertained by 
obaciTatioii, wc have einleavored to rC'»tore those more original data by 
calculating tliein baelc again, aeeortling t>j the data and methods of this 
SiddhAiita—the duidinalions by ii. 2w. ihe righi aseensioiiB by iii. 44-48 
—and we insert our resulth in the table, n-ji'ciing odii minutes less than ■ 
ten. 

Positioiis of the June tlon-hilars of the Ashrisms. 
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Our calculations, it should be remarked, arc founded upon the iw- 
euinption ^iit» at the time when the observations were made of which 
our toxtl^^i^s the results, the vernal equinox coincided with the 
initial point of the Jlindn sidereal sphere, or with the bejnnning of 
the portipii of the ostcrism Acrini, a point 10' eastward on uie ecliptio 
from the star ^ Piseiuiii: this was actually the ease (see above, under u', 
27) about A. D. 6G0. Tiie question how far this assumption is Biip-j{ 
ported 1^ evidence contained in the data thcinselrcH will Ife considered 
later. To fill out the table, we have also added the intervals in right 
ascension and in polar longitude. 

'I'he stars of whicii the tc.\t thus accurately dennes the positions do 
not, ill most eases, by thoniselvcs alone, coiislituli‘ the. asterisins (nak- 
shatra); they are only the ]iriiu‘ipal iikmii tiers oi' the several groups of 
stars—each, in the (’aleiilatioii of conjunclions \i/oi/a) liotweon the plan¬ 
ets and the nstorisnis (sec below, vv. 14-lii), rc.prciciiting its group, and 
llicreforc called (sec below, v\. Kl-JU) the "junction-star” {yogatdrA) of 
the iisterism. 

It will be .at once noth.-od that, while, in a funner passage (ii. 6+), the 
ecliptic was divided into twcnty-.-cven equal arc**, as ]'ortions for the .sstcr- 
isiii.**, wc have here prcM-nt*'*! to twentyit :i>icriKins, very unequally 
liisiribiitcd along the eclipiic, iiinl at greatly van iiig distaiiec.s from it. 
And it is a point of so ninch coiiseijuciii'i', in order lo the right 'under¬ 
standing of the eharai'tcr ainl history of the wlmlc system, to apprehend 
_ •dearly the relation of the groiqis of stars to the arcs .sllotte*! to them,.. 

' that we Imve prepar***.! the ai i'oinpatning iliagrani (Fig. 31) in illustra¬ 
tion of that relation. 'I'hc ligur'* rcjn'iscnts in two parts, the circle of 
the Cfdiptic : along the ci^ntral linc.<i {>, marked its division into arcs of 
ten aii'l Avo degree*:; n]i<in the •unhide of Jicsc lines it is farther divided 
into equal twcnty-sevcnlli**, or an-s of 13'^ 'Jo', ami upon the inside into 
eqii.al twenty-eighths iir arcs of .MJ'; tlii-**' being the portiotiv< 
(Ithor/a) of two systems of niteriMiis, Iweiity-xe^cii -.luJ twenty-eight 
imiiibor respectively. 'Flic starrcil lines which run across all the divisidha 
mark the polar lotigitinles as stiiie*! in the text, of the junction-stars of 
the asterisins. The iiamos of the latter arc set over against them, in the 
inner columns: the names of the porli*>ii.s in the .>vsteiuof twenty-seven 
are given in full in the outer eoimiins, ami tho>c in the system of twenty- 
eight .arc also*placed oppo«iic the portions, iqion the inside, in an abbre¬ 
viated form. 

The text nowhere cxpres.slystat.es wliich one of the twenty-eight aster- 
isms which it recognizes i.s, in its division of the eediptie into only twenty- 
seven portions, left without a portion. That .VMiijit, the twenty-second 
of the series, is the one thus omitted, houcvri, is clearly iinpli^ in the 
statements of tho fourth and Afth verses. Tho>r statem«'nta, wliioh have 
caused difficulty to iinirc than one expounder n' the passage, and have 
been variously misinterpreted, arc made cntii'ely clear by supplying tho 
words ittterism” and *' portion” throughout, where they arc to lie under¬ 
stood, tliivi: “ tho asterism Uttara-Asliadhft is at the middle^.l|ic por¬ 
tion styled PArva-Ash&dhn; the asterism Abhijit, likewiae^4^ ftt^tlio end 
of the jpetUtm PArva-Ashhdha; the position of the oater^m Oravana is 
at the o^dof the portion receiving its name from Uitafp-AAMoh; while 



mi 


St^rya^j^ddMniOf 


[vHi.' 


tbo astorism ^ravishtli/l is between the third and fonrtli quarters of 
'portion uameJ for Cr.avana.” After this intcrniptioii to the r^ularity or'• 
correspond 01 ICO. of the two systems—the ostcrisni Abhijit being left with¬ 
out a por4ioii, and tlic portion (j!r:ivishlh{k, eoiitainiiig no natorism—they 
' go on again harmoniously together to the close. The figure ijlnstrulM 
.aearly this eoiulilion of things, and shows that, if Abhijit be left out of 
'aceouni, the two systems agree so far as this—tiint twenty-six asterisma 
fall within the limit'i of portions bearing the same name,* whilo all the 
diseordaiioes are eontineil to one ]iortion <if the eeliplie, that eomprising 
the 20tl] lo the 23d portions. If, on the other hand, the celiptie. Ik* divi¬ 
ded into twenty-eighths, ami if llicse be assigneil as portions to the 
twenty-eight asterisir.s. it i> seen from iho figure iliat tho discoidancjSS 
between the two sv>t«’iiis will he verv great : that onlv in twelve install- 
ceswill a portion he oeeniiied by lhi‘ asii'iism lie.aring its own name, and 
by that alone; tliat in si\i<n n l■a<e^ a>teri''iiis will \>r found to fall within 
the limits of pi>i'iions «>f •liilVreiil name: that four portions will be left 
without any aMerisiii al all, whilo four ojln-r's will contain two each. 

These disconlani-e-are eiioiigli of themsflvi'h to .m I llie w hide sub¬ 
ject of the asterisinn in a new lighi. Wlii’ivas it loiglil linic seemed, 
from what we have i>«‘en of it. Iiereioibre. that the sy-iem was fonnded 
upon a division of the C(’li[>lii: into twi nty->i-\eii e<|Uiil portions, and tho 
selection of a star or a eoiislell.ition to mark l arli portion, and to be, as 
it were, its ruler, it now n]ipi.ars tlial llu-serii^ of iweniy-eight ast<T- 
isms may be something ini|i‘pemleiit of. and anli-rior to, imy division of 
the ecLifdic into eiju.al hiv«. ami ihai (ho om- m:i\ ha\i- hi't-n oiih arti- 
'^ially brought inio ei'>niie>'iion wiih lio* oihi-r. eoiiipiete harmony 
Between thorn bi-ing ahogftiier impo>-i1>1i-. Ami this view is fully sns- 
by fviih’ie-i- iii*rivjil)le from oui'';>li' the ilimlu solonec of astroii- 
<Amv, and bi'yoml thi‘ bonli-ro of India, 'i'lm I’ar-is. llie .\rabs :ind the 
^^inesu, are fonmi also to be in )io—. -.-.ion of a similar <\sti-in of divi- 
of the heaicns into tweiit\-<'iglil jioninns, marked or separated by 
m many single stars or rijjisti-llai-ion-. t M'the rar>>i svs1-m little or 
'nothing is known execiiLing iln> nmulH V aii l nam<< of the divi.«ions, 
which arc given in tlie seeoiid ('iia|iti r of tin: ihmdid.osh (sec Aiupictil 
dll Perron’s Zeiidave.oia. i t'-., ii. .'Mji). 'I’lic .\rab diibions are styled 
man4tU al-kamar^ ‘‘ limar inansiiiii.s. .'‘latioiis of 11n: inonn,'' being bronglii 
into fecial connection with the moon’s n-volution : tiiey an* marked, 
iikc'tbe Hindu ‘‘portions,” by groups of slar^.. 'I'in lirsl extended cojn- 
'pnrison^ the Hindu usterNni.s ami the .Xrab iminsions wa.s made by Sir 
WillianS'Jones, in the .scond volimie of the .\siatie. Kesearciic^ for 1790; 
it was, however, only a rudii and iiii]>i-rfei-t skdeli, and led its author to 
no valuable, or trustworthy com'liisii.'iis. 'J'he same comparison was taken 
lip later, with vastly more learning ami a«-iiti-n<‘sx, by Colebrooke, whose 
valuable article, jmblislicd also in the .\.><i;i,tie Jtesearclies, for 1807 (is. 
323, etc.: iv-says ii. 321, etc.), ha.s ever sim'e reiriaincd the chief source 
of knowledge respeeiiiig the ilimlu a.stcris!ii.s and their ndation to tlie 
Inuar inansipns of the. Arabs, 'I'o Anqiictil (as above.) is due the crcilit 
bt^lie first snggusl’ion of a cu\ne.i<lcnCR between tbc Pursi, H’lndu, andt>. 
Ckiiiicae systems: but be did notli'ing more than suggest it: the ork^^ 
^pgracic'r, and use of tho Chinese divisions were first estabbsh^yjlbia 
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their primitive identity with the Hindu asterisnis demonstrated, by Bioti 
in a series of articles piiblisiied iti the Journal dos Savants fotll640: and 
he has more recently, in the vr>lim]c of the sanie Jouriiiil for 1850, re- 
- viewed and rcKtfitcd liis former exposition and (‘dm-lu.sioiiFs. Those wo 
shall present more fully heroaftor: at pros<‘iit it will ho enough to say 
that the Chinese divisions are otpiatorial, not /(idiaca!; tliat they are 
named «tVu, “ innnsion.s"; and iliat they are ilie iMtori als in right ascen¬ 
sion botween eertaiii •iingle slarf, wlii' li are aho calli il xit'u, and have the 
same title with the divisions w'lieli tlicy iiitro(!':>-i>. We propose, to pre-. 
sent here a siiininary i‘iinipariMiri of the liindi;, Ar:'!-, aad (.’liinese SJS* 

. teins, ill coniirTiioii uitli an id(M:t!!i<-alio!i o)' ilie .-i.rv, and gronpS'lbf 
stars funning the. lliinln ;isii-ri>in.«, and vitli i!:i: .‘•tatement of such 
information p-speeting the latter, li'-yoinl that givi.-ti in onr text, as will 
be-ot eontribntc to a full iiMilerst;uiiiin'.r of tln ir ri;:irstj ter. 

The ideal ideation of the Jistcrwiiis fi-ui.-h-il ir.i.n t!.o vo'-itions of 
their prineijiai or jiijp’ii iii-'.tar-i. slati-i in ilie n’.^rnnoiiiiieil t./rit-books^ 
upon till: ri'latiie jilfif"-! of Lln-^i- iii fh-- grniiM' in' 'ihi-di they form 
a part, and njion the it'inilier of M-eli ■■jj-iirip, an<l the 

iigur'c by whieli their arr:ii';.''”iiii'i ' i- n I're-.!-!,!*-:! : in n fnv •■a.siWj too, 
the. iianics tln'iiisclves lif lii. :i>i■ av ili'tiM'-iiM’, nnd }i«fiist 'Ji" id^n- 
titieution. The miinl'er mill i-f i!n 't:ir-' f .•’■■ningtln'' groups 

are not. stated in our lexi; we derive ihi-Mi iiir.iiily iVi-ni Col-iirooke, 
although onwlvon .-iImi h.-iving liaii at.d ■■•nei ■•.’,■l■ll, nn-t of liis 

aiuhoriiios, naineh li e ('.ir.ilia S-inhita. iho Miilihi:! -i ■iijrnmani. and 
the ItaUiainaia U:' e.ied !e. J.iin '*. ii. --".‘l). .‘^ir Yv'iili.-im Jones, 

it may lii- ri'iiiarked, I'.TSii -h-..ii. ■JH.'t. pl.-.iet nn eiigr.'iwd copy 

of .drawings iji:i<le !■> .1 i iiIm* arii.'i ••!’ ih-- dgiirei !i.-.>igiuMl in the aster- 
isms. I'm-tin- mill.liiT ef in ii gimip v,e I'li’.e :::i lelditionai 

autlioriiy in al-liii-'ini. ih- .'.rail ..fine \ei.ih who 

travelled ill India, and ■'tiioii-i'i wiih e^iife';;:! emv t'o* Hinilu ;',..tronomy. 
The infonnaliim thnii-lieil hy him \\i;h v<-g;irii to the we derive 

from Biot, in tin-,lonni:d ile- .'^nvaiit-for (pp. i’i»-.'ih ; it pTofosSf>s 
to bi‘ foiinilod upon thi' Kliaiula-Kiitaka* of Brahijj-i-.;i:;i:.;. Al-Birfini 
also gives an id(.'niiii('alit'n of t.he a-tia'i.'-ni'., '•» far :i' iliy liiintu a-trono- 
inei'S of his dav wi-ri'; :i!i!e I.1 funii-h il to hl]:», v. liieh wjis onlv in part; 
he is obliged lo in;irl; ..even it eigbl of tb.* .'•■■'rie.s a.s unkliown or doubt¬ 
ful. He '.pi-iiks \i’ry .~li>;'btii!gly uf tin' praetica! aeipialulain'i: with the 
lioavciis ]io-...'.«.<ed li\ the lliiidn- of his lime, ami tlit-y certainly hare. 
ni>t-sinci' iinprined in ibis ivrpect ; the modern Investigatui-s of the 
same stibjeel, as Jones ainl Coieiironke, eomtilaiii of the impossi¬ 
bility of obtaining from the native nslrvmoine'.'s of India satisfactory 
^ivleiitlKciilluns of tin- asterisnis and ibeir junction stars. The translator, 
^in like manner, >]ii'iit imieli lime ami eiibrl. in tl c attempi to derive 
such iiifoniiatioii from liis native a^sblant, but vva. .able to arrive at no 
re.sulU wliieh could eonstilnte any valuable adilitii-n to those of Cole- 
brookc. It is evident that for ceiitnrios past, ua at present, the native 


* Tlw true, form of tho n.iuie is not altogetlier certain, it being known only 
its Arabic transcriptinn: it seems to designate rather a diapter uia treatise 
thnr.a eomplete'vork of its author. 
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tradition Iirb been of no decisive authority as regards the ]^osition and 
eompositiw of the groups of stars constituting the asterisms: theso 
must be o^ennined upon the evidence of the more ancient data handed 
down in tlio astronomical treatises. 

In orilcr to an exact conipiirisoii of llio positions of the junctioii>8tars 
' as defined by tlic Hindus with those of stars contained in our cata¬ 
logues, wc hare reduced the polar longitudes and latitudes to true longi¬ 
tudes and latitudes, by the following Ibrinulits (see I'ig. 30): 

(1-rCOS Aa) I’ut KIjC = tan S<r/i 
sin sin = sin 
tan SA ctit sin ah 

A a being the polar longitivh* a< in tlie Irxl (= fiC + 180®), S'a 

the polar latitude, K L t.* the inclination of the ecliptic, S& the true Itiii- 
tude, and aba quantity to he addeil to or siihlractod fibni the polar lon¬ 
gitude to give the true longitiuli*. The true positions of the, stars com¬ 
pared we take fnun Klani-teeil's ('aialogns lirittanii-u>, siihlracting in 
each case 13® 42'from the li'iigiunlc'. ilurc gitcii, in onlcr to reduce 
them to distances from tlic vcriial r-quiiinx of A. h. 300, assumed to 
coincide with the iiiitia] point nf the. Hiuilu sphere. There is some 
discordanoe among the ilitt'ereiit ilimlii authorities a^ regards the stated 
positions of the juii'-liou—tars ef the iisteri':uis. 'I'he t^ukalya-Sunhita. 
indeed, agrees in en-rv jiuiui pr'*.-i.>e|y with tin* Surya-Siddhiiiita. Hut 
the iSkldlittiita-yiromaiii •j;i\e-> a sniiiew lial iliiiVreiit value to the 

polar longitude or hitituile. or )<(.>t!i. With ii, so far at tin* longitude is 
concerned, exactly ai-coi-d iln- rir:iliiua-Siddli!'.iii:i, as lejiurted hv t'ole- 
.IlMolce, and the Khaiida-Kataka, :is rep<ir(eil hy n!-f>ii-iiui. 'I'Tie lati¬ 
tudes of the Hralnna-Siililhuiit;: al-oare virtually llie saint- with lhoso»of 
the SiddJu\iit:i Cirt-maui, their ilillereiici-s hi-mt aiiiriuiillug, >ave in a 
single iiistancc, to more thaii 3': but tin: liititiii]i‘> iif the Kliiiiuia-Kataka 
often varv eonshlerablv from l»<ih. I'lie lirtdia I.agliuva. the onlv other 
authority acco>sible to us, presents a series of vari-itioiii of own, inde¬ 
pendent of those of either of the ulher liiaii'-O'.. .\ll tbcM* difierenees 
are reported by us below, in tivaling of .-ai h separate ;i!*teri'<ni. The 
presiding di\'iiiitie‘s of the :i-*i"riMii-> v. give iipoii ihe aulhority of the 
jaittirlya-Sunhitu (iv. 4. in. tlie 'raitliriya iii-iiiiiuan.-i (iii. 1.1,2, as 
cited by Weber, Z'-it-' li. f. d. K. d. .Mi.>rg., vm. 2(iG eti-., stud Ind. Stud., 
i. 90 etc.), the. HiiJiuria-t'iijiaiunni, smd v'olei-rooke : those of about 
half the astcri.snin arc sils^i iiidinvtiy giicn in oiii' te\t, in the form of 
appellations for the a-terisniH di'rived from tlnmi. 

The names and situalimis of tlio Arab lunar st:itir>n< are taken from 
Ideler*s ITnter.'ini'liungiai uber die .Sti-riiiiaiiii-ii : for the (.'hinesc intiii- 
sions and their determiuing stars wi- rely ."oiely upon the arLiclu.s ofj 
liiot, to wljleli we have aiready referred. ^ 

It has scenie'l to us flilvi-uble, notwith.Maiiding the prior treatment bv 
Colebrooke of the .«amc .<iubiuet, to enter into a careful rc-examinatiou 
and identification of the Hindu astcrisms, because we could not accept 
in tlie bulk, and w'itliont modification, the conclusions at which he arrived. 

' identifications by Ideler of the Ariab mansions, more thorough and 
ajliiPyect then any whicli had been previously inade, and Hiot's coujpari- 
of the CluqMe mu, have placed new and valuable materials in our 
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handi: and th^se—tof^tlier witli a more exact comparison than waa 
attempted by CViIebrookc of the positions frivcii by the Hmdus to their 
junction-stars with the data «if tho nio^iern catalogues, and a new and 
independent combination of the various materials which lie himself hir- 
nishes—^vihiic they have led us to accept thtf greater number of his iden- 
tifleatiuns. often estaiilishing them more confidently than he was aide Ut 
do, have also enabled us in many cases to alter and amend his results. 
Such a rc-exaiiiiiiati(»ii was ncKiissarv, in urder to furnish safe ground for 
a more detailed coriiparisnii uf the three systems, which, as will be seen 
hereafU;r, leads to iiM[inrt:iiit conclusions respecting their historical relar 
tJons to one another. 

1 . An'int; t|||K treatise exhibits the furm ari'lni; in the older lists, 
as alwi often clscwhen*, wi* hav»! the dual ufnnim^ arrmjvjuv, “the two 
horscineii, or Arvins.'’ The Arvins aif jic-rM»iiag^"« in the ancient Hindu'' 
mythology somewhat nearly r(irrL-’*]»oiidiiig_to the t.’astnr and Pollux of 
the tfrocks. Tlii-y iii-f.* the di\ initios of tho a.tlorisin, which is named 
from them. Tlio gruiip is figured as a horse’s head, doubtless in allusion 
to its presiding dciTic"*, ainl not friiin any iiiiagiiicil resemblance. The 
dual name leads n.s to i-Npi ci liinl It ounipoNeil f>f two st^rs, and that 
is the number alhu!)- ! t>> tin* ri-i!i li\ liio (Vikaiya an<I Khai^- 
Knlnka. The Sur^a-Siddliuni't (b.-lnw. v. Hi) di-igiiali's tho northern 
meiphcr of tho STrniiji a*, i^-: jiii.i-tiiiii .■.lav : tlial ilii'- i" the star j*? Arietls 
(uiagM. S.i'k oiiil iiii! ‘t \i-i- iis J.'nagii. L'l. a- a>.'uni«j l b\ <'olebrooke, tt 
shown hv ihe f*»liii\\iiig ••nimi.-iri'.nii of iioolt.'^ns: 

• ^ I I IS 

A«;viiM .... liuiir., A.U. foJO, 11 “ .... iat. ii'3f. 

d Ariytirt . . . dn. 11 ' ’lO" . . . d«i. afi' N. 

a ArietH . . dit. i~‘' .... tlo. 37 'X. 

Colcbrooko was mi'-lod in thi-« ln'>iaiii’c by adopting, for the number 
of starNiii th<! astorisiii, tiiroo, a*- -t.iti-d by tin* lator auihoritics, and then 
applying lo tho gr-mip a- tlnis ciiiiipii'ii d the •losignatii.iii given by our 
text of the relatbo posiiion uf the imi-.'ii>>n—tar a- tho nortliorn, and he 
accordingly o\orlookcd llio \«.rv .seriniiH imtoi' in the ilcierniination of 
the loiigitndo tlioin'o ro.>iiltiiig. lndef<i, throughnut his comparison., ho 
gives loo gn-al weight to the ilelormination of latitude, and too little to 
mat of loiigitinlu : wo shall sio farther on that tho a''i’uraor of the Iat- 
ter is, upon the whole, mindi more lo be dopoiulod upon than that of the 
foimer. 

Considered as a group of two stars, Ac;vini i.s composed of ^and y 
Arietis (iiiagn. t.3): as a group of ilnvo, it oumprisos also a in the same 
conatclhuioii. 

Tliuro is no discortlaiu'c among tin' iHtlercnt a< tliontii.j examined by 
tis ns regai'ils the ]Mi«ition of the iuiu-tinii-stui' oi Arvini, either in lati¬ 
tude or in longitude. The case is tho same witl: the tfth, 10th, 12th, 
and Idth nsterisms, aii <1 with iliom nloiu'. 

The first Arab mtmil i.** likowisu ooiniioscd of and yaArietis, to 
which boinu ndil a: it is called ash-Sharupin, “the tw’o tokens”—that is 
to say, of the opoiiiiig year. 

. The Chinese series'of sicu commences, as did ai^ntly the HinAl' 
tystciu of Bstorisms, with that which is later the thlM asterism. The 
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tTrontj'seveiith aieu, named liCU (M. Biot has omitted (o ^ivc ns the 
signification of titese titles), is (i Arietis, the Hindu junction-star. 

2. Bharant; also, as pliinil, hharanyaa; from the root bhar^ “carry”; 
in the Tiiiitiriy.'i lists the fonii a/jaA/tarani, “ hearer away,” in bingnlar 
and phiral. is also found. l|^ divinity is I'ama, the ruler of the world 
of departed s[iiri(s; it is fi^ircd n< the yonr‘, or ])udciidiim inuliubrc. 
All authoritie.4 a<;rec iu assii;niii^ it tliree sUars, and the Houthernmost is 
poiutcil out below (v. IS) .as its juiiotioii siar. 'I’hc sjroup is unquestion- 
ahly to he identified with the triaiij^lo uf faint slar." Iviii^ north of the 
back of the Ram, or 35. 30, and 41 Arietis: they are figiiivd hy some as 
a distinct <‘onslol]:ili»u, uiidor the n:inie of Mie-ea Ihuvalis. The desig- 
nation of the sontliorn .as the jum'tion-.'.t.ar is not altogether unambigu¬ 
ous, a-* 3.“) ainl 41 were, iu A. I >. 500. very nearly ciiuhystaiii from the 
equator; the hitter wouhl >eem inmv likely to !»• t* one intended, 
since it is nearer the reliplie. ainl the hriglitest of the group—being of 
the third magnitude, while the i*iljcr twu are nf the tourtli: the defined 
position, however, agroo** better with ami the error in longitndo, ns 
compared with 41. is greater than iliai of any other ''tar in the .series : 


lihiinuii.J-i"* 'iV 

S.'i AriulU Id Mum*:-') . . .-'S® 'i.i' 
11 Ariutia (#■ Mii'i-ii*) . . ki' 


.11'^ «•' X. 
. II® 17' N. 


Tin* fJraha-Lugli.ava gi^es I'diarani 1® more nf [lolar longitmle: this 
would rcdiire by the saiin; amiiiint the error in tin: deterujiu.ation of its 
lapgitjide hy the dther antlioni 

: socoml ,\r:ib vtuvzil, al-llutain. ‘■the little heily"—i. 0 ., of the 

^ Imm—is by mii't autlioritie.*, il« ;ine,t a- ei»mpri"iiig tin* three sl.'ii-s iu the 
haunch of ih:- Ihini, or r, d, and «■* fur >■!*>'■ ';) Arietis. Some, however, 
have regarded it a** the saiiii' niili MuM-a; and ueeannot but think, that 
al-Biruni, in ideiififvii'g, as he doe-, liharrml 'with al-Mntain, meant to 
indirntu by the l.itter name the gpnip •if wjdeh the llimlu astcrism is 
actually composed. 

'Pho last Cliini '*e sin>, f>i i, i*. tin- .-tar Ani;ti>, <•’■ a Mu>eji‘. 

1. JCrtliku ; or, as plural. X'ff/iX-'i.v ■ the apjiel-.-iiiiu meaning of the 
woni is doubtful. 'I'he regent of tin' asti ii in i.s Agni, the god of tire. 
The group, eompond of ^ix >tar*s, is that kie.i\ u in us as the 1'|ei,idcs. 
Tt is figured l»y vine, a- a tiaiiie, d*iublle*'» in allusion to its pre>iding 
divinity: the nioi-e n.sind rejiresentatiou of it isa ra/or, .-iiid in the ehoico 
of ihistsyniliol is to I'O roiogniiteil il.e Liifiiieiiei; of the f-tyinology of the 
name, which inaj lie deriMal froiu the root, kart, “i-iilin the. configur¬ 
ation of the group, too, may he seen, by n siiflieicnily ]>ro.snie. eye, a 
hroad-bladed knife, with a short liHiidle. If the. ileslgimtion given below 
(v. 18) of tiie. southern iiiemhcr of the group as its junction-star, be 
strictly true, thi- is not Ahtyoiie, or 'raiiri (magii. •"), the brightest of 
the -six, but cither Aihi.s ('}? Tuiiri: inagu.-I) or Alcropc (23Taiiri: 
inagn. .'>): ihc. two latter were very nearly eqimlly distant from the 
equator of *A.l). 560, but Atlas is a little nearer to the eelipUc. The 
defined position agrees best with Alcyone, nor can we hesitate to regard 
this an actually the junction-star of tHc astvi'isui. We compare the posi-' 
tioss below: 



viii. O.J 


J^amhtion and Nbt^, 


185 


KrUiWk. 39 ^ 8 ' ..... 4® 44' 27. 

Alcyone . . . . . 19 ® 5b' . . . . . 4“ i'J7. 

27 Tauri .... 4««'» a«>'.3® 53' Jf. 

2 STnuri .... 39 ® 41 '. 3 ® 55 'K. 


Tlic Siilil]i}iutn-().-irnni.‘iui etc. give Krllilvj. of polar longitude 

than the Sikrya-Siili)hu.nt.i, niul llic (iralia-Liigluivn, 011 the other ‘hand, 
30 'more: the latter, with the Khamhi-KntaUa, iiiiree with our text aa 
regardf* the polar hit itii«lu, which the others rechnii iif 4 " 30 ', instead of 5 *. 

The Pleiades eunslitnle the third iwinzU of the Arabs, which i« do- 
noiniiiatc«l ath-TImraiAu, ‘Hhe little thir-.k-set groin\" or an-Najin, “the 
constellation.” .-Vlcyonc i.s likcwi<te the first (‘hinesu sicu^ Avhich is 
styled .Mao. 

4 . Unklnl, “nnhly”; ."O naiiieil from the liin; of its principal star. 
I’l’ajapali, "the lord <»f ereali-il being*," is the diAiiiity of the astcrism. 
It coiilains live stars, in the groMping ij: whi.-h Iliiehi I'aii.y has seen the 
figure of a wain (compare v. 1.'!, ln-low); ..nuie, however, figure it .as a 
teniple. Tli-; eimslelhitioii istiie well-kiiown omi* in Ihe face of 'faiirns 
to wlii'di we gi\e the iiaiii'* of the Ilyad''*, citniaining e, J. j'./),(* Tauri 1 
the lalUT, the nio*t e.-i'ii-rly fv. Il') ainl llii* bvighiij*t of the group— 
being the briliiaiit '•lar of ilw: lir^i iiiagiiitn'ii.* kuowii a>. Aklebaraii—^is 
the juncii"ii-star, as is 'liowii bj iho nimcxed coniparivni of ])Ositions: 

H'lliii.ii. 9 ".:® 19 ' S. 

AM.-i'iiraa . . . ■ ■ ■ - J' J i' J*. 


The Si>l'i!i;Mita-t'iroiiiani ci.-. liriv agai 


ation tin* polar l■''lgiln•il■ of onr t- 
make-, it'])iilar laliiUih’ 1 :ni'; ihs-(b-a! 
longitiiile, t'.i . All ihc'i' Aaiiati"!). ;eld 


:i ]*“e.'i iil the iiisigniiloant rait> 
‘>i -y l.-'S : the fonncr also 
!:'i !,jigliava rea'ls. for the polar 
i i ilic iTr.ir of ilcliiu-d position. 


'file, fiiiirlh .\r:ib :nau~/f ■■oinpo'cd of ili,- Ily:ei.-s : its nainr is od- 
Piibamn, “the follow er"’---i. e., of llii- I’h-iadt'. NN e would suggest thc 
inquiry whether ihi* naice in;.y nol 1 .> t:ikiMi as an imlication that the 
Arab sys(eni of maii.^ion.* .>i!- e began, like tin' (’iiine'c, and like the 


Ilindn .svstein *iri!rinal1v, with tlw ricia-les. Tlieri- is, certainly, no A-err 
obAioiw propriei} in iianiing any bin the sceoii'l of a series the ‘’folIoAV- 
iiig" j^sfitfueus or Sd'nirinx). Moilcrn a^trommiy has retained the title as 
that of the principal star in the group, t<i Avlii<-li alone il Avas often also 
applh'd by the Arab.!. 

ThesocoH'I t’hincse s'^/, Pi, i.s the nortlicrnino*t member of the same 


group, or F Tauri, a star of the ihini ti* fourth inngniluiie. 

5 . Mriftinrsha, or niraannis, “ antelope’^ 1 k':u1" : with this name Iho 
figure assiginsl to the asterisni eorro-spoials : il e reason for the. designa* 
tion Avc have not been able to discover. Tis iiiviuity i* Soma, or the 
inoou. It, Contains three stars, of Avhich the 1 . >rthern (v. Id) is the 
determinative, 'riu'se three ean be no other than the faint cluster in the 


head of Orion, or A, 91 >, if- (.>rioiiis, although the iliiulu measurement 
of the position of the juin*tioii-star, i (inagn. 4). is far fropi neenrate, 
especially as regards its laiiinde; 


Mtrgiu/irslia .... *)i® 3 ' . . . . 9® 49' S. 
X Oriuuis .... 63 ® .fu' . . . . 1 3 ® a 5 ' 8 . 
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. ’ilk this {erroneous dcterinination of the latitude all authorities agree; 
the Graha-Ltigliava adds 1 ° to the error iu polar longitude, readiug 62” 
i^tcad of 

' Hero again tlierc is aii entire harmony among the three B 3 'stems com* 
pared. The Arab imuizil^ al-lluk'ah, is composed of the same stars 
. vrhich ni.ako iip the Hindu .‘istorisin : the third sifit, named Tso, is tho 
. Hindu jiineti'*n-Mar, 1 Orionis. 

6 . Ardr6, “ moisithe appellation very probably has some meteoro¬ 
logical groniHl, which wo have not traced out.: tliis is indicated also by 
the choiee of Uudrn, tlie storm-god, :i 8 regent of tho asterism. It cora- 

;jF=pi;iscs a single star t>nly, and is lignrod as a gem. It is impossible not to 
■^regal'd the bright star of tho Hist mngniliiili: in Orion’s right shonlder, 

' Orionis, as The one here me.aiit l<* !«■ designated, notwithstanding 
the verir grave errors in the definition of its ]m>ition given hj’ onr text; 
the only visible star i*f which the situation at. :iU nearly answers to that 
definition is i:iu Tanri, of the .-ixth magnitude', wo add its position 
below, with that of a (.)riouis : 

Ardra.(iV 'J.)' .... « 'iV S. 

a Oriiniis . . . . 41 ' .... ii)=> 4 '£j. 

135 T.iiiri . . . !l-* 3S' .... y’ lo'S. 

^ The distance from the sun at which tin* heliacal rising and sotting of 
AnlrA is stntoil below (ix. 14) t-* take pl:e-would imlic.-iif a •^tar of about 
the third in.agnitndo ; this ailiK to tlx* ilillii-iillr of its iileiitilicatioii with 
. .either of the lwi> ^lars comj-ared. \Vi; confers ••iij-selvcs iiii.aiile to 
j’^lMJCOunt for the oonfusion existing with regard to tlii*;asierism, of which 
k al'Hlruni aho couM obtain no intidligible ;ic«.'oiiiit from lii>« Indian 
f teachers. Bur it lo 1 h> obscr%ed that all tlx- antborilies, excejiting onr 
teijt and tho (,.'akMlyn-Saiihila, give .Vr-lrh Il'^of polar latitude Instead 
of 0 ”, which would reduce the oitot id' latitude, a.x enmpared witli « 
Ononis, to an ninouiit very little gn-aii-r than will be met with in one or 
two other cases below, wlx-re llx- Nt;ir js situated .smiib of the reliplic; 
and it is contrary to all llx- aiialngii-s of tlx- sy-li-m ihat a faint star 
should have been sch-ctcil to form by ilsi-lf .-in asleiism. I'he Siddh&nta- 
^iromani etc. make the polar longitude of tlx- .'isterisiii 20 ' loss than that 
given by the Stiryn-Sidilliuiita. and tlx- (iraba-Laglia^ a 1 '^ 20^ lo.«s; those 
would add so much to the error of longilnde. 

Here, for the first lime, the three •■•y.-tems which we are comparing 
disagree with one another e.ntirely. Tim < 'hiiicsc have adopted W the 
determinative of their fourth ainu, wlilch i.s .-styled Tsan, the upper star 
in Orion’s l»eh;, or 3 (Jrioiiis (2)—a strange, and arbitrary scdeulion, for 
which 11. Biol is unable to find any exjilaiiation. I'he Arabs have c&tab- 
liatied their hixth siatiou <‘lose to the r!eli]ili<.', in the feet of Bollux, nam¬ 
ing it al-iraii’ah, “tim pile": it comprises the two stars 7 '( 2 . 8 ) and f 
(4.8) Geminoniiii: some, authorities, however, extend the limits of the 
mansion so far as to include also the sUirs in the foot of the other twin, 
or.Vt i* Gfeminorum; of which the latter is the next Chinese sieu. 

7. Pvnarvaau ; in all tlio more ancient lists the name appears as a 
di^pttnanrotd: it is derived from punar, “again,” and vo^u, "good, 
brlHiant”: the reason of the designation .is not apparant. Tlie regent 
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of the flsterism is Aditi, the mother of the Adityas. Its dual title indi* 
cates that it is composed of two stars, of nearly equal brilliancy, and 
two is the number allotted to it by the 9&1ca1ya and Khanda-Ejstafca, the 
eastern beinc pointed out below (r. 10) as the junction-star. I'iie pair 
are the two brijrht stars in the licails of the Twins, or a and ^ Gemino- 
nira, and the latter (1.2) is the junetioii-star. The comparison of pou- 
tions is as follows: 



Punnrvasn . . . 9a’Sa' . ... fP r/N. 

^ Ocminorum. . . cyl"’i.-j' .... O'* Sj'N. 

'Hic GraliarL&gliava adds 1° to the polar longitude of Punarrasn aa' 
stated by tlic other authorities. 

Four stars arc by souk; assigned to this asterisin, and with that numr 
ber corrcsponcLs the represenlatir>11 of its arrangement by the figure 
a house: it is ipiitu uncortain ulilrli nf the neiglilioriiig stars of the sante^' 
constellation are to he aihleil to thusi: above inenlioncil to Ibnu the group 
of four, hut \vc think » (magii. t) and f (j) tlM‘<n mo-it likely to have 
been chosen: t'I'li-brunl;-: sngg* “W I'r (:t.i) and r (o. •)■ 

Tlic doterininalivc of llie lihh situ, 'iVing. i- « Geniiuornin ( 3 ), which, 
as wc havo seen, is rcekoiieil among t!ie ^lars eninposing the sixth 
miuml: the si;venth in'ra::iV inehnU-s, iI.m: Hindu nsterism, « and 
Geininorurn: it is named adh-liliirsV. "Ihejiaw"—i.e.. of tlie Lion; the 
figure of l^eo (see Meh r. ]>. l.'eJ eie.) liciiig b\ the Arabs so stretched 
out as to eoMT parts oi' (mini. < 'aneer. < 'aiii" Minur. and other neigh' 
boring consti-ilalitiii'i. 

Pnghmt: from the n^ot push. “ nouri-*!!. thrive": another frequent 
name, whieh is the 1*111* (■miil"^ed by our treatise, is thlofu, which is?' 
translated •* auspii-ious’': .\m:irji gi\e'* ais.) siif/ti/u, ‘* jirosperous." Its . 
divinity is l>rhas])ali, the prii-si and I'-aelier of the gods. It comprises 
throe stai-s—the Klianila Ivutaka alone ai emsti* gi\c it but one—of which 
the middle one is tin* juni-tion-star of tin* a>leiisiu. This is shown by 
the position assigned to it to In.* d t'am-ri (-0: 

I’lisliya .... I .'1^ li' . . 

A C'liiicri. . . . mS'-’.fj' . . 


0-0 
o 


3 ;• V 


The other two arc doubtle^^s j ( 1 . 0 ) and 0 (til of the siinc constellation: 
the nsterisin is tigiireil a'- a eresceiit aiiil ns an arrow, and the arrange¬ 
ment of the group ndinits of being rogaided as re])rc.<cuting a crescent, 
or the barbed head of an arnov. Were the arrow the only Hgiire given, 
it might b'* ptissible to reganl the group as eoinjtoscd of y, and {t (4), 
the latter repivseniing the head of the arrow, and the nebulous cluster, 
Prajsepe, between y and If, the fesithering of it-s shaft; if (105® 43'-— 
0* 48' S.) would then be tin; jiinelion-sTiir. 

The Arab manzH, an-Natbrah, “ilu* nose-gap”—i. 0 ., <*f the Lion— 
comprises y and 3 ('uneri, ^ether with Prsesepe. or, aoeordlug to soinb.. 
authorities, Pnesepe nlim^The sixth sieii, Knei, is Cancri, a star 
which is, at present, only with dilhcnlty diotingnislied by the naked eye. 
Ptolemy rates it as of tfie fonrth magnitude, like y and 3 : perhaps it is 
one of the stars of whieh the brillinney has ;>ensib1y diminished during 
the ptlk^wo or three thousand years, i>r else a variable star of very 
Idiig pPIbd. The possil^ity of such changes requires to be taken into 
account;, in comparing our heavens with those of so remote a past. 
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9. AfleshA ; or, as pliiml, AfkihAt; the word is also'Written A^tiM: 
its appellative meaning is “ entwincr, embracer.” With the name accord 
the divinitiei* to whom the regene.y of the astcrism is assigned, which 
' are tarpAs, the serpent-s. The immber of stars in the group is stated as 
five by all the aiithoritics excepting the Khniula-Katnku, whicli rends six: 
their configuration is represented by a wheel! The star a Cnneri (4) is 
pointed out by Colebrurike ns the junetion-star of AyleshA, apparently 
from the near eiirresjanidcnce uf its latiinde with that assigned to tlie 
latter, for he says nothing in eunneotion with it of liis native helpers: 
but « Oancri is Tiot the easlern (v. 19) moinber of any group of five stars; 
nor, indeed, is it a iiioniiier of any distinct group at all. Now the name, 
figure, and divinity nf Ai'li''>hi!i are all di'>tiii(.‘ti\e, ami point to a constel¬ 
lation of a bent or eireular fitnii: ami if we go a lit lie farther south¬ 
ward from the ccliptie, we iiiid precisely '>iu-h a eonslcilaiioii. and ono 
containing, moreiocr, the l■l■lTesj»olnling (.‘liiiiese detenninative. The 
group is that in the head of UyiIim, or >!, o. A, /, ]l Y)!r:e, a iiiul q being 
of the fifth inagiiitiuie, ami the rest of the fiuinh: their arrangement is 
conspicuously circular. 'I'here can lie no lUmbl, therefore, that the 
situation of the astorUm is in the liead of Ihilra. ami •' Hydra', its 
brightest star (beiiig ralcil in the Greenw. ('at. as of inii^nUndc 3.4, 
while A is 4.5), is the j:iiictii)n-sl:ir : 

; -Aijc-lm . . . . ii.y' .... (i^ '■fj' S, 

i-llrdra: . . . . . . . . n ' !i'ri. 

a Canori . . . . iiJ'* ’’i' ti'S. 


■ .The error of the Ilimlu del a'iiiinaliim of ilie laliimie i.*., indeed, very 
^W^iderable, yet nut greater than t\e are eiiiiipi;llc«l in aecept in one or 
' !W^o other cases. Tlifc Khanda-Kataka imTc.i-.es it ]•. giving the aster 
ism 6® instead ot of polar lalirndo. 'lln- Siiliilianta-t’iromani etc. 
deduct 1® from the polar Intigitmle of the .Snrva-Snidli.'inta. and tin; 
Gruha-lJighava doihicts : both variations would a-ld to the error in 
longitude. 

Thu Arab vmmil is, in tli)'< in-<laei-e. far rt inured fr<>ni ine ilindti .tstcr- 
ism, being composed of i; <.':i!iei-i (5) and a Leoiii*- (•i.-t), and ealiud af- 
Tarfi “tbe look"—i. e., ' f the l.ion. 'I'ln- -oventl. < liim se sieu. Lieu, is, 
as already noticed, inclmli-d in the Ilindii gr<iii|i, bi ing d ilydrie. 

10. Mo^ha; nr, as jdnral. MUf/hi'm; ■‘iiii<:lit;. ’ 'I'he piluras, halliers, 
or maneM of tlic departed, are tbe rr-gi-nt^ uf tin. nM'-ri<m, whieh is fig¬ 
ured as a liniiKe. It is, ai-eording In mosi aiithoriiies, euinposed of five 
stars, of whieli the soutliern (v. IS) i.-> the jnnetiuii-.'-tar. I'our of tlicse 
must be the bright stars in the t>eek and side, 'd' the J.ioii. or i], and 
a Leonid, of magnitudes 4.5, '2, 3.4, and 1.” respeetively; bin which 
should be the fifth is not easy to determine, fur there is no other single 
•Ur wliicli hr-eins to form naturallt a member of the same group with 
these: » (5), n (5), or(J (4) might be fordfe into a coiineetioii with 
them. This difiiculty would be removed by adopting, with the Klumda- 
Kapiha, six as the number of .stai's included in the nstcriiiUi; it would 
then be contposeil of all the, .stars foniiiug the conspicuous constcllutioii 
familiarly known as “the Sickle.” The star « Leonis, or Jicgulus, the 
brilliant of the group, is the junetiou-starfftad its position is (Ufined 
with nnusiml precision: ^ 
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MogTiA 

Regalu* 


139® o ' 
129® 49' 


o® o' 
o® 27' N. 


The tenth »AaR2t7, aj-JabhiUi, “ the forehead”—i. o., of the Lion—^is 
alao coinpo»ed of /, 1/, a Leonid. 

The cifrlith, ninth, and tenth siett of the (?hincsc M'stem idtogether 
disi^rce in poi^ition wiUi the groups markin'; the JLindu and Arab inan- 
sionn, being Kitiiatcil far to tin* soulhwanl of tin' {'<;li[itie, in proximity, 
accordingto liiot, to the eijiiati'r of til" perioii nlien tliey were csta^ 
lished. ^e oiglith, Sing, i< n Jlydne (_), iimi'itudu (A. D. 5<50) 

127* 16', latitude -Jri* 25' S. ^ 

11, 12. Pkalguni • or, as plural, phahiimyas; the dini!, phalgunydu^ 
ia also found : this treali<!r‘ |ircscnts the. «li‘riv:iti\<- furin phalpuni^ which 
is not infro'picntly oin]iliiycd olscwlun’. 'J'lio wi.n-d is likewise used to 
designate :i spcdcs of fig-tree: its derivation, anil its rin'iniing, as applied 
to tlie astcri'^riis. is nnknonn to U'. Ili-re,-..s in tv.o l'•tl!l■r instiUiee.s, 
later (the 20lli and 21st, and ili<! ititli and 'JTili asteri^ni*), we have 
two gioups failed by I lie saiin- ji'iiin-, aii 1 'iisiiiiijfui.slu'd from one another 
aspui'm and iilUtru, “tiiriniT" einl "lan-’r"—tli.'i !■« to <i-\. cmniiig cw- 
licr and later to their meridian-lraiidT. Tin; irne original iharaeter and 
conipoaiHon of those three ilniiMe asteri-ins lia> l>een, if we an* not mis¬ 
taken, not a little altered ainl oliscun-d in the •leni'ri|iti<Mi of ihujii ftiir- 
nished to ii-«; owing, aiip.iri-n y, to lie- ignoraiii'e or e!irele."in-sx ^f the 
deseribers, and especially t') lln-ir not liaiing ei-MvIy ilistinguislied the 
thjiracteri>iics of the ■-■•iiiMned l■■■I:s1■•!!■l!!on iVoni ilmse of its separate 
])arts. Ill laeli ••a.se,,a or i'eil-lea-l h'-afica, i,-nr!/anka\ ja^ 

given MS the ligw’’'' of one or lio’ii of tlic jiaris. and we refognfcio MR 
tliein all the eonniioii i liarai-t.-ri'iii- i.'S' a >■ nsi. li.iiion iif four stars. fonfS**™ 
ing together a regul.-ir ol-long ligiio-. Vihi-'h admits of being represent-^' 
cd—nut imsiiiliddy, if rather pro-aiealh — a iu-d. 'I'liistigiire, in 
case of the 1‘iialgniiis. is •■oin|io'eil 'if ‘L i'*. .■», and !ii'3 Leunis, a VMy 
distinei and wi-ll-niarkeii i:oiisti.ilation. eontaiiiing two stars, d and j?, of 
the seeond to third iimgiiiind>-. one. of the third, :uid lUie, 03, of the 
fourth. The symbol of a beil, proji.-ily belniiging to tin- tvliolc constel¬ 
lation, is gi\eii by all tin; authoriiii '- lo liotii tin’ two parts into which it 
is dividotl. Kaeli of tbi.si,. l.ijier lias two st.-n-s as-dgnud 10 it, wd the 
junetion-slars are said (\. IS) to l-e the norllie.-ii. 'flu* tirst group is, 
then, clearly idi'iitilialile as d aini l.eonis, the. former and bri^tcr 
being the distiiieli\e>t:u': 

I'lirva-I'hafguni . . . l ie®'i8' . . . . ii®i 9’X. 

A Leunis'.i4i“ 15' ... . i-i® 19'N. 

^ i^euiiLs.i4'l-a.i' . . . . <;® 4u''N. 

The- 8iddli;iiit:i-l.'ii(«nani eh.-., and lln* tlraha-Tjaghav.n. give Pftrvar 
Phidgniii respfi’tively :i^ iind I** more .»f polar Ion 'itude than the S&iy^ 
SidUluintnt Those are more i:otal>le Aariatioiis iha.n arc found in any* 
other case, and they ajipnavtoiistoindii-ati'thiiLlhesP treatises intend to 
designate the southern tnemlier of the group, ns its junction-star: we 
have a'tcordingly added its pi'sition also .mIiovo. 

In the latter group, the june.tion-stur is evidently /f Lconis: 

UttMii-l*Iuilgun! . . . i5o® 10' ... . 12® 5' H. 

|3 LoonU.i5i® 37' . . . . la® IS. 

O.'i s. 
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Tbis fttWy however, is not the northern, bat the soutlftmi of the two 
composing the asterism: its description as the southern we cannot .bst 
regard as simply an cn'or, founded on a misapprehension of the compo*. 
rinon of the double group. To al-Birhnl, j?Lconis and anotlnn' sto to 
the northward, in the Arab conatcilation Coma Berenices, were pointed 
out as forming the astcrism TJttararPhulgiiul. The (p&kalya gives it five 
stars, probably adding to |? Lconis the four small stars in the head of the 
Vimiu, TT, and a, of magnitudes four to five and five. 

I^c regents of Pfirva and Uttira-Phalguni are Bhaga and Aryant^n, 
.or Arynman and Bhaga, two of the Adityas. 

llie two corresponding Arab ninnsions an*- called az-Zubrah, "the 
mane"—i. e., of the Lion—and as-Sarfah, “ the turn*’: they agree as 
nearly as possible with the Hindu asterisins, the former being composed 
of S and # Leonis, the latter of ^ Leonis alone. The Chinese sieu, named 
respectively Chang and Y, are u* Hydra* {»)* and aCratcris (4). 

13. ffastOf “ hand.” Suvitar. tlie 'iun, is regent of the ostcrism, which, 
in accordance with its naiin*, is tigured as a hand, and contains five stars, 
corresponding to the five lingers. These arc the five principal stars in 
the constellatiuD Corvus, a well-marked group, Avhich bears, however, 
no very conspicuous ivsemMarie«- to a hand. The stars are juuned^ 
counting troia the thuinl» around to the little finger, aecoidiqg to our 
apprehension of the figure—«. f, y, aiul d t'orvi. The text gives be¬ 
low ^v. 17) a very ^]•eeial deM'i ijUimi of tin* siiiialiori of the junction- 
star in the groii]i, but one wlili'li is iinfortiiiuitcly quite hard to under¬ 
stand aiivl apply: we regar<l it ai< must jn-ob.-iblr, however (.see note to 
SUbl?), that y (3) is the star iulciideil: the detinedposition, in whicli all 
authorities agree, would point rather to d (:l): 


Ussta.174^ 3 jt' 


I o'* G'S. 


y Corvi 


170® 4 ' i ' 


. . j f' 39' B. 

5 Corvi .... ! 7 l® 27 ' . . . . 12 ® 10 'S. 

The liindu and C-hinese systems n'fiiru, in this a.stcrisin, to an accord¬ 
ance with one another: tin- elr-\eiitli ?itu, ( liin, i.- the star y Corvi. The 
Arab system holdn il^ own iiiik-pi-ndeiii l■•ln)^l■ one polui farther: its 
thirteenth jiiunsiou compriseM thr liM> bright st.'-i-s y, d, s Virginis, 
which form two side.'i, inea-uring about ' o'* ea' li, of a great triangle: 
the mansion is named ul-Auwa’, “ the barki.'ig dog." 

14. CV/rd, " brilliant.” This is the l>eaiitiful star of the first magni¬ 
tude 0 'yirgiijis or Spica, constituting an aatericin by itself, and figured 
as a pearl or as a luiiip. Its divinity isTvashtar, "the shaper, artificer.” . 
Its longitude ].s very erroneously defiiibd by the S 0 rya- 8 iddyiuta : 

CitKi .... i8.>='48' . . . . i®5o'S. 

Spica .... ib l® 49 ' . . . . si® 2 ' S. 

All the other authorities, boweve.r, saving the yakalya, remove this 
error, by giving Citrh 183** r*f polar ioiigitiule, instead of 180^. The 
only variation firoiii the definition of latitude made by onr text is offered 
the Siddhfcnta-tyiromam, which, varying for once from the Brahiuar 
Siddhftuta, reads 1* 4fi' instead of 2®. 


* It is. apparently, by an origiaal error of the pnsa, that 11 Biot, in all hb 
tablfp^ calls thU star e*. 








iitd ilHes. 


''■‘I 
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' !i likei^ thd fonrteentli numtil of the Aimbi, ityled by theib 
it-Sub&lE, and tbe twelfUi rim of the Chinese, who caQ it Kio. 

t5. StAHf otwAU; the word is said to mean “swold.** 13ie l!bit> 
tiiiyA-Bi&hmaM calls the asterism niakty&f " outcast," possibly from its 
remote northern situation. It is, like the last, an asterism compeisintf 
but a single brilliant star, which is figured as a coral bead, gem, or pearL 
In the definition of its latitude all authorities agree; the (^aha>Lhghava 
makes its polar longitude lOS** only, instead of 109*^. The star intended 
is plainly » Bootis, or Arcturus: 


4 


Sr4t!.i83« a' .... 33® 5o' N. 

Aretorus. . . ■ i84® la' . . . . 3o® Sj' IT. 

In this instance, the Hindus have gone far beyond the limits of the 

sodiac, in order to bring into tlieir serie** of asterisms a brilliant star 

from the northern heavens; the other two systems agree in remaining 
near the ecliptic. The fourteenth Chinese s*>w, Kang, is x Viigima 
(4.S): the Aral) mamil, ul-tibafr, “the. rovering," includes the eame 
star, together with i, and either ^ or 7 ^'’iIgini«. 

16. Vif&khd, “ having .syireading branches" : in all the earlier lists the 
name appears as a dual, vifakhe. The asterism is al.«o placed under the 
n^ency.ftf a dti.al divinity, inrlrdf/nt^ Indra anrl Agni. WV should ex¬ 
pect, then, to find it roinpnsod, like the other twD dual astcrisms, the 1 st 
and Vth, of two stars, nearly oc|ual in brilliancy, and two is actually the 
number assigned to tiie group by tlie. (^akalya iunl the Khanda-Kataka. 
Now the only two st:u> in ilii-i ivgiitn of the /odiae forming a conspicu¬ 
ous pair arc a and ^ Ijib||K, both of the .uoeond magnitude, and as theMI^ 
two compose the coiTespondiiig .\rnb nian'^ion, while the former of thefd'' 
is the Chinese siVw, we h;ivi- the str«'tigi'st reason-, for supposing them to ' 
constitute the Hindu asterism .'il>o. I'licre arc, lii>wever, difficulties ij| • 
the way of this as.sumption. llie later authorities gi\e Vi^kklih 
stars, and the ilefined position of the jiim-tion-slar identifies it neitiitW 
with tt nor but with th'' faint star i (4.3) in the the same eonstellar 
tion. Colcbrooke. overlooking this star, suggests a or x LibriP (5) : the 
following compnri^oIl of positions nill >huw that neither of them can be 
the one meant to be pointed (uit: 


Vi^sikbA . . 
t Libra) . . 
a XiibriB 

■ Libiw . ■ 


jiS-* .jr . . . , i" a5' S. 
ail® . i®48'S. 

ao5® 5' .... 0 ® 23'N. 
217® 45' - ■ - • O'"’ a' N. 


The group is figured as a torana: this word Jones and Colebrooke 
translate “festoon,'* but it^ more proper meaning is “an outer door Of 
gate, a dccor.'itcd g.'itew.'iy.'* And if we change the dcsi'''natioii of ntu- 
ation of tlic jiinction-stai' in its group, given belo - (v. lU), from “nortte 
ern" to “ sonthvni,' we find without diiliculty a ipiadrangle of sfan, vix. 
I, By Y (4.5) Libi'se, which iidmils very well of being figured as a gate¬ 
way. Nor is it, in our opinion, taking an nuwiuTantiEmlc liberty to make 
such an alteration. The wdiole scheme of designations wo* nwaid as 
* of inferior authenticity, and as partaking of the confurion anauncer- 
tuhty of the l^r knowledge of the Hindus respecting their system of 
OBterisras, That they were long ago doubtful of the poiftSon of Vfekkhh 
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» ^owii by the fact that al-Birftni -waa oblip^od mark it in his list an 
“ ntiknowii.'* V'ory pmhably the Sftrya-Siddhiinta, in calling»the north- 
enf member of the group, iiitoiulcd to inclnde with it only the atiir 20 
liibnc (:V4), sitiiatod uhuiit 6° to tbe aouth of it. Upon the whole, thou, 
, while we ri'gard the ide.iitifieation of \'i^‘&khu os in some respeets inf>Te 
doubtful thiiii thut of any other nstcrisiii in the series, we yet belicro 
thsit it was originally composed of llie two stjirs a and ff Tjibra*, and that 
later the group was extended [n iiieliulo also i and j‘, and, as so extended, 
was figured as a gateway. The selertion, e-oiitrary to general nsim^e, of 
the faintest st.ar in the group as its jinietioa-slar, may have been made 
in onlcr to insure against the ro>ei‘sioTi of the asterisin to its original 
dual form. 


Tlie variations of the otln-r aii(horitii'> from the position ns stated in 
our text are of small importaTico : the. Siddhanta-Oiromani etc. give 
^’iehkll;l .‘5' les- of polar longiiude, and the <iralia-I/riglinva 1° less; of 
pohar latitude, the Siiblliant.a-C'irnmaui gives it 10', the <!r.ali.a-IAghava 
30' less; the Khanda-Kataka agrees heif, .'i« also in the two followiug 
astcrisms, with the Siii’\a-Si.ldhiiida. 

The sixteenth Arab mauzif. ^■l■lnp 1 ■i«.illg. as already mdieod, « and (? 
Libne, is styled az-/.u1ii\niin, ‘tIh’ two i law-"—i. e.. of tho Scorpion : 
the name of tin* e'UTf'non'liiig < 'hinrsc man>i<in, having tbr its deter¬ 
minative a I/ilir.'i\ i.s 'I'i. 

1<. Anurihl/ni ; or, as plural. aivinf/Ih>ix tho woi-il means “sin-eess.’’ 
Tlie d^ifinity is Milin, ‘■Irioie!." one of the Adilya'. A»rording to the 
^kalya, the .astorism is eompeseit of three ‘■tars, and with this oar text 
V'plainly agrees, by designating (v. I«)lhe Tni(Ule .as the junetion-star: 
all the other anthoriti«->. givo it four >tars. As" gnnij) of three, it eom- 
priscsar‘seorpionis, l•l■ing the jniietion-.srar; as the fourth 

]|||Ainbcr we .are iloiihih^s to .-nld « N'nrpionis (o. 1). It is figured it.s a 
iicMpTvnli; this < oli'iii-iMiko iranslatf-s “ e row of f'hlatinrjfi" ; wc do 
not find, however, that the wunl. altlm.igh it nn'ans huth ‘“oblation, 
offering,” and “a row, tbl-l, vidg.*.’’ is nsod to desiginiif the two com¬ 
bined: perhaps it may bi-tter In- taki ii as simply **aiTiw;’‘ the star* 
of the afttcri-sm, whctln-r eonsii!<'ri-*l ns three, nr ionr. ln'ing disposed in 
nearly a straight line. The I'onijiariMin of p-^sitluns is as follow*: 


Auur;iilliii .... ■jyi'-* .i\‘ . . . ‘’’n' 

6 Scotpi'iiiifi . . . 


The SiddhiiiiUi-Ciroiinmi an<l • haha-Lagh.Hva cstniiate the l.atitiidc of 
Annr&dhtt .soiiiewliat nirire iieriiratcly, dedufting from ttir polar latitnde, 
as girmi hy onr text, P I ')' muI P i-i'spe'dively: the >iiddlninla-(/iroinani 
etc. also add the insigiiifi<-iiiil amoimlof ,‘i' t<> the polar longitude of the 
SCirya-Siddhanta. 

The corresponding Arab maitsil, named al-lklil, “ tho crown,” con¬ 
tains abo the three stars /?, «J, n Seorpinnis, some nnthoritics adding q to 
^le group. The. flliinest! sien^ Fang, is w (3), the southernmost and the 
faintest of *thf.' three. 

18. t/yexAi/Ad, “oldest.” The Taittiriya-.Snnhitfi, in its list of aster- 
iuq/h repeats here the name rohint, “ ruildy,” whicli wc have had above 
MB that of tho 4th a.sterisia: the appellation has the same ground in tiila 
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vi'iL 0.] 

m in tiie otlicr case, the jiinction-star of Jy’eBlith4 being also one of those 
wliiuli shine with a rcddisii light. The regent is Indra, the gml of the 
clear sky. Tlic group contains, aecortling to all the authorities, three 
stars, and the central one ^v. 18) is tlie junction-star. This is the brih 
liant star of the Qrsl magnitude a Scorpionis, or Antarcs; its two com¬ 
panions arc a (3.4) and t (3.4) in the san^^oiistellation : 

Jycslitliit .... aSo® 7 ' .... 3® 5o' S. 

Antures .... 339 ® 44' . . • ■ 4° 3i' 8 . 

llie constellation is figiircfl .is u rin:;, or ear-ring; by this may be un¬ 
derstood, perhaps, a jiendeiil. car-jevvcl, u^t the throe stars of Jyeshthh 
fonn nearly a straight line, witli the hrightest in the middli}. 

The Siddlianta-t^'iroiiiiini and tiraha-Lagliava add to the polar longi¬ 
tude of the jnnetiun-star of the as 1 eri>>iii, as staled in our toNt, 5* and 1 ** 
respectividy, an<l they deduct from its polar latitude 30' and 1 ® respect¬ 
ively, making the. ileVniilicni of its position in both respeets less accurate, 

Antarcs furnis the eiglilei-iitU mamil, ami is styled al-Kalb, "the 
heart’'—i. «*., of ilm Si’orpion : u and 1 arc oalb’il an-Xiyat. “ the preB- 
cordfa'\ The (’‘hiiiese s/Vm, Sin. i< the w(‘st»-rnmo<t of the three, or <r. 

in. Muta, ‘Tool.." 'Mie jiri-iiliiig ili\inity of the asterism is mVrti, 

“ |■nl{lnl^t■y," w iio is also regeiii of the souih-we.'.ierii ipiailcr. It com¬ 
prises, a-’i'ording to ihe (Vikal}.', nine staiN; iheir conliguration is rep- 
re.sented hy a lion'-- tail. 'rhi< stars iiitcmh d ai'i' (hosi; in the tail of the 
Scorpion, or r, /#, j„ /, x, c, I Si-«irj>ioiiis. all of iliein of the third, 
or thii'il to fonrtli, niagditmh*. Ollier -mtliorities count eleven stars in 
the group, prohahly reekoning u and ^ as four stars; each being, in fact, 
a group of two ehwly approxiinare star-, naiiie i in our e.'italogaes 
(. 1 ).(4), r* (-l.o). (:!). The Khaiida-Kataka alone gives Mula only 

two stars, whieh are ideiitilicd liv e.'i-llirhni with the Arab manzil astt; 
Shanluli, or I and e Si‘iir|iiiini.-. 
iiimm of the .‘islerisin .-e* 
several times s[H)ki-n of in tin- Aibar\;i-\'eda as two -tni's of which tho 
rising promote.s relief from lingering ili.sease {k»hviriyu): it is accord- 
ingl}' probablo that those are the two stars in the sting of tho Scorpion, 
and that they alone havi- been ivgardeil liy some a.s composing the aster- 
ism : their healing \irtiic would doubtless be eonnccted with tiiemeteor¬ 
ological comlitions of tbe time at whieli their heliacal rising take.sphee. 
Our lc\t (v. ID) ilesignaies the ca-leni member of thegrtaip as its junc¬ 
tion-star: it i.s nm.'erti'.iii whether the diroelioii !.'• meant to applv to the 
group of tw'o, or to that of nine star^: if. as seems proKable, ^ is tbo 
star pointed out by the di fmition of position, it is strictly true only of 
the pair ^ and v, hinco 1 , ami are all fartln i* eastward thau^: 

Miiln.a.ia® iia' . . . . 8“ 48 ' S. 

X Scorpionis . . . 344® 53' .... 1 3® 44' S. 

The (iralia-Liiglmva gives a more ne.enratc statement of the longitude, 
adding 1 ® to tlie pobir longitude as dcHiicd by all the other authorities : 
but it increases the error in latitude, by deducting 1 ® from that presented 
by OUT text: the Siddliaiita-^’iroinaiii, in like manner, deducts 30', while 
the Klianda-Kntaka add-s the same amount. 


Till- 'riiirtiiiya-Saiiliila, too, gives 
“till' two ivlUseis" : the Viert^aara' 





'' l^iltiflya-Saiiliitlk mi&es jMfemt#, the Fathen, the presiding dl^ 

'Haes of this aRtcmin, as well as of the tenth. 

Bentley states (Hind. Astr., p. 6) that Mhla was originally reckoned aa 
.the'first of the asterismiiy and wa.'« therefore so named, as being their root 
or origin; also that, at another time, or in a different system, the scries 
was made to begin with Jy|||i^thft, which thenoe received ita title of 
“ eldest.” These statcmen^PliTc put forth with characteristic reckless¬ 
ness, and apparently, like a great many others in his pretended hiatoiy 
of Hindu astronomy, upon the unsupported authority of his own conjee- 
inre. It is, in many cases, by no means easy to discover reasons for the 
particular appellations by wliich the astcrisins arc designated: but we 
would suggest that Mhla may perhaps have been so named from its be¬ 
ing considerably the lowest, or fartlie.<t to the southward, of the whole 
series of astcrisnis, and hence capaMe. of lieing looked upon ns the root 
out of which they had grown up the hoavens. It would even be possi¬ 
ble to trace the same conception farther, ami to regard Jyeshthk as so 
styled because it was the first, or “ oldest.,'’ outgrowth from this root^ 
while the Vi 9 kfche, “the two diverging branches," were the stare in 
which the scries broke into two linos, the one proceeding northward, to 
dvfiti or Arcturns, the other westward, C.'itrA or Spica. We throw 
out the conjecture for what it may he worth, not being ourselves at all 
confident of its accordance with tho truth. 

The nineteenth Arab mmi:H i.s styled nsli-Sliaulah, “the sting”—i. e., 
of the Scorpion—and comprises, as already noliccd, »' and i Scorpionia. 
The detenninative of the seventecntli sicir, L’ei, isinclmlcd in the Hindu 
: usteiism, being Scorjiioni.-*. 

■' 20,21. Axhddha; or, as plural, askAtlMr; this treatise presents tJio 

jjUp tative form nsh&dhd, which is not infrequent elsewhere: the word 
**enisubdned.'’ Here, again', sve have a double group, divided 
ristcrisms, which arc distinguished as purvn and uUnret^ “ former 
* Sm$%iiter.” Their res|pifcti\c diviniiio ari- tlpeut, “ the waters,” and inpve 
' dev&Sf “the collectivu gods.'* Tun stars are ordinarily allotted to each 
asterism, and in each case the norlhcni is liesignaSed (i. 16) ns the junc¬ 
tion-star. By Mome autljoritics each group is figured as a bed or couch; 
by otiiers, thc'one as a bed ami the other as an elephant’s tusk; and 
here, agmn, there is a difference of opinion a.s to uhiuh is the bud and 
which Hic tusk. The true solution of tiiis c■^tlfllsir)n is, as we conceive, 
that the two asterisms taken together arc figured ns a bed, while cither 
of them alone is represented by an elephant’s tusk. The former group 
most comprise S (3.4) and e (3.2) Sagittarii, the fortner being the junc- 
, tion-star; this is shown by the following comparison of positions: 


PArrs-AabAdha .... 2 ‘iA^ 3^' . . . . 5° a8' S. 
4 SsKittarii.3a' .... 6° a5' S. 


if' 


The GraliarlAghava gives Pdrva-AshAdhA 1” more of polar longitude, 
and 80’ less of polar latitude, than the 8ft rya-Siddh Ante: the Siddh&nta- 
^(omani etc. ^ve it 10’ less of the latter. 

The latter of the two groups contain.s, as its sonthem star, C S^ttaiii 
(|Kti 04 and its northern and junction-«tar can bo no other than v ^,3) in 
oonstellation, notwithstanding the error in the Hindu detenpb 
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m. 




taftioti of itji latStnd*, which led ColeVoohe to rtffid. r (4*^) w tho 
intended: we enhyoin the positions: 


UttenrAshAdhi . . . . a6o» aS' . . . . 69' 8. 


0 Sagittarii.362° ai' . . . . 3 ^ 34 ' B. 

^Bagittarii.a64° 48' . . . . 1'S. 


The only variation from the position of the jiirictioii-star of this aster- 
ism as stated in our text is presented by the Graha-L&ghava} which 
makes its polar longitude 261° instead of 260°. 

The Qumlya (according to Colebrooke: our MS. is defective at this 
point) and the Khamla-Kataka assign four stars to each of the Ash&dh&g, 
and the former represents each as a bed. It would not be difficult to 
establish two four-sided figures in this region of the constellation Sagit¬ 
tarius, each including tlie stars above inentionrd, with two others: the. 
one would he composed of y® ’/ called $ 

Telescopii), the other of ip (4.3). v, t, and ^ : such is unquestionably the 
constitution of the two asterisTus, c.onsiili'rcil as groups i>f four stars; 
they arc thus identified also, it may lie remarked, by al-Birhnl. The 
junction-stars would still be d and cr, whicli are tbc northernmost in their 
respective consttillations; nor is there any question as to which font 
among the eight arc sclectoil to make np the double astcrisin, since d, e, 
C, and o both form the most regular tpiadraiigular figure, and are the 
brightest stars. 

The detenninath es uf the eightcciitli ami niiietei-rith inan.«ion8 of the 
Chinese, Ki and IVu, are y® and r/ Sagittarii, whicli 81*6 included in the 
two quadruple gri.»iip.s a- >tat«.-d abnvc. The twentieth mamil compre¬ 
hends all the oiglil stars which we have incutioiied, and is styled an- 
Na’hini, ** the pasturing cattle": some alsu understand each C^oim^ ' 
four as representing an ostrich, iia*»iiii. The twenty-first man^ 
other hand, al-Balduli, “ the town," is described as a vacant spi^ 
the head of Sagittarius, bounded b}' faint stars, among wliich the 
conspicuous is n Siigiltarii (4..'>). 

22. Abhijit^ coiKiuei-iiig." The regent of the .nstorism is Brahma. 
The position assigned tu its juin'iioii-st.'ir, which is described as the 
brightest (v. 10) ill a group uf three, iilciititics it with a Lyrae, or. Vega, 
a star which is exceeded in brillianey by only one or two others in me 
heavens: 


AUiijit .... a6.f<» 10' ... . 59® 58 ' IT. 

Vega .... aG5° i5' . . . . 61 ° 46' N. 

The other authorities cum pared (excepting the ^kkalya) define Utn 
position in latitude of Abhijit mure accurately, adding 2° to the polar 
latitude given by the Siiryu-Siddliiiiila: the liral.a-Laghava also improveg 
the position in longitude by adding 1° 2U', while t'lc Siddliauta-Qiromajgd 
etc. increase tlie error by deducting 1° 10'. 

The Tftiiitiriya-Banhit& (iv. 4.10) omits Ahliijit from its list iji the aa- 
teriams; the probable reason of its omission in some authoritieii or in 
certain connections, and its retention in others, wo shall ffiaenae 
ther on. 

}~i:- Abhijjit is figured ss a triai^le, or as the triangnlar nnt of the 

aquatic plant; thia very dutinctly represents the gronpii^^f of a Lyns 
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l^rya'Siddhdnta^ 


[^ii.9. 


with the two other fainter atars of the same constellation, a and bolli 
of the fifth mafriiitudc. 

In this and the two following osterlsms—as once before, in the fifteenth 

the series—the Hindus have gone far from the zodiac, in order to 
bring into their system brilliant stars fn)in tlie iiortlicrn heavens, while 
the Chinese and the Arab systems agree in remaining in the immediate 
neighborhood of the ecliptic. The twentieth sieu is named Nieu, and 
is the star ^ Oapriconii (.'<), situateil in the head of the (joal: thetwen- 
tv-second manzil, Sa'd uilli-1 Miiiltih. felicity of the sacriiicer,’' contains 
the same star, the group being a (composed of two stars, each of mag¬ 
nitude n.4) and ^ Oaprieoriii. 

23. (^ravana, •' hearing, 1 ^ 11 ’” ; from the root ffK, “ hear" : another 
name for the asteri.<m, frona, found occnrriiig in the Tuittiriya lists, is 
perhaps from the xiniu root, but tin* word means also “ lame.'' Cravana 
comprises throe'>turs, of which the middle one (v. is) ir'the jiiiiution- 
star: they arc to be found in tin* back ami m-ck of the f'^iulc, namely 
as jr, a, and (i Ai|iiilie: a, the dcteriniiialiM'. in a >t:ir of the. first to sec¬ 
ond magnitude, wliile y ami {> arc of llic iliird and fourth ri>[icctivi'ly : 


('ruTana .... 
a Aquiliu . . . {1' 


5i' N. 

31)^ I I ' 



All the aalhoritles iigreu as to the p<dar latitude of Craiana: the 
Siddhitnla-^iromani etc. giio it lc'>s of polar loiigiimle tliiiii oiir trea¬ 
tise, and the th'alia-l.agiiava cvcit a- much sis Ic-' . 

The regent of the aMcri.'* n i^ N’i-'liiiii, :iml ii> ligiiri- or .•>ynilKil i-orres- 
ponds tliercwiih, being three liioi>.tc|>.s. l■l■■lr•■^cIlta(i\c^• of 1 In* three steps 
-by which \‘i.<liiiu i.’< >uid, in tin* Ilimln niulioiug\, lo iiavc strode 
rbngh kiiuven. 'I'hu (yakalya, liowcvcr, gi\c- a trident as the figure 
[ing to (^ravaiia. rosnibly 1)10 minic is to be regained as indica- 
ibat it wa.s originally figured as an ear.. 

le ChiiiO'se si(!H oorre.-pomling in rank ^^itll (.'rnian.i is called Nil, 
and is the faint star t Ai|iiarii ('I'lm .\r:ih vitmzii SaM Hula’, 
^‘folldty of a de^oiiriT,'’ or .•il-lliil.-i", ‘-the di-iouicr," dc., inelndc-s the 
same star, beiiig coni|io.>;c>i of ;• (c f.'ij .\<|u:nii, or, aceoi-iling to 
otben,-bl £ and 7 ((>) A'piarii. or of 11 a.nl i-. 

24 t. ^fovishth'i; tlic Word i<, a sn]icr>.iiivc iiirm;iti«>n from the same 
TOOtfrtm which came tlir- name of the |•rl‘l'•:dilIg a-tcri.MU, and means, 
probably, *‘mo>t l'iiinou.s.'' Anotlu r ami liar<ily less freijnent appellur 
tion is dhaniahlJiUf an irregular superlative from Uhanhi, “ wealthy.*’ The 
class of deities known as the i/cmhs, ** bright, gi>od,’' an* the regents of 
the asterisni. ll comjjriso:. four stars or, according to the t^Vikulya and 
KbandorKataka, live: the former, which is given hy su early a list as 
that of the Taittiriya-lirahinami, i.s (Joiilitlc» the original number. The 
group is the conspicuous one in the licmi of the Jlolpliin, composed of 
iJvlphiiii, all of tlit'm stars of the third, or third to fourth, mag- 
^Hiludu, and closely dispoMid in diaiiiond or hizunge-form: they are tig- 
urad by the Hindus as a flruni or tabor. The junction-star, which is the 
waatern (v, 17), is/?; 

■* ^ .... 396® 5 ' . . . . 35 ® 33 ' S. 

*' * 0 Delphini .... 39(1® 19' ... . 3 i® S. 
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^e'ooly vftrintion from tlie poBltipn in onr text to IBe'^iino-’ 

ti,oii-stw of ^tnvislith^ is presented by tlie t!rdiar*lAj»h»va, wbi^ gives 
. it 280®, instead of 200®, of polar longitude. Perhaps its ittteiitioiys;to 
point out C (5) as the junction-star: this is doubtless the o^iUdT^ei^^. 
the otlierfonr, on .acuount of its close proximity to them, to imIus dp the 
gTOira of,five; it lies only .ibout half a degree westward from jJ. ^ _ 

The name of the twenty-fourth taavsU^ Sa’d as-Sii’ud, “ilfelicity of 
fixities''—i. c., ** most felicitoii-.’’—exhibits an aecortlance with that of 
tpl Hindu astcrism wiiicli possibly is not accidenta). The two are, how- 
- ever, as already noticed, far removed in positimi from one another, the 
. Arab mansion being coinpnscd of the two .-tars ‘S (.1) and I (d.4),m the- 
left shoulder of Af|Uiirius, to which some add also 4ti, or r *, Caprtcorni 
(6). The'corres]jondiTig *!en, JJiii, i-. ilic fir-t oi" tiicni, <>r Aijuurii. 

25. ^alabkiiffuti, “ha\ ing a liuiidrcil jiliy-ii-ians": the form fatahhidtA^' 
which scicius to be mciviy a l•rll■J•u]»tioll of the oilicr, aisfi oeouis in later 
writings. Tt is, as "•c tic* ‘ilii*, '-aid to 1,c composed 

of a hundred stars, of wiii'di thi* (\. l'»; is the junction-star. 

This, from itsdctiisi'd ji.'-ition, r.- t !.■!!!• 1>.- a .'.•pi 'lii (i): 


’•■/ ■ii' 

'.A' ^3' 


r')’ .S. 


*'.■Ual/liMiOj . 
r. Aquiirli . . . 

The rest of the axti vi.-n is lo h- :-iai;;hi tin'yit fainter stars ia 

the knee of Annarius. cn ! ‘lio- hi- i ir: i.f i-uirsf, the naAt- 

ber one liundrcii i-. ii''' • • -■ .'.m < 'Uic, !!or an* wo to sup¬ 
pose it pi>s>ii‘Ii* 111 ■ is' i v-.!-. : mj, ss liif.- figure assigned 

to the group, wi'i-'li i- a A’f.ard-!-■'iataka. ac-n'iiing to al- 

Biriiin, givi-sl'iiisii'lii'>l.:'i ••’■I'l a ‘i’."-.!- -lav. i ;i: ilii- is probably an cnroi^' 
of the Arab travc'ilfv: h. • i- i '.'.■tbl * :■» "mi w!iii.*h ^f the stars 
Aquarius is tu iic i ii- ■;«i»-rii!iiiiig t'".-- asttM-j.-io. 

The regent uf tin' :!-.f‘ri-i... si'M'i'rd'n-r tn ii<*ar!y all the aiitl 
ties, is Vanina, fin* e!n-. f uf I'c* .A-iii' i-. I' lt lai. r the of the waters: 
the IViiltiriya-^aiiliit.i gi\f- in ii ai-d t ■ the 1-Jjli ;:stcri*m, as well 
us to the l£*lh, hiiliiH as op iuhv : tU:- i> p-Tiirins mere blun- 

denng. 

The t.iraha-l.iigh:i\a pl:i>‘i‘!' ('t* jiiiH-sii)u-<i:ir of (.'atabhishaj precisely 
on tho ecliptic: tlie biddiianta-t^hnanani •■ic. grw it instead of 30, 
of polar latiiudc south. 

^lic cunvspiiiniiiig hniar roaiision of tint .'vrabs, SaM al-AklibiysjL 

the felicity of lent-'.’’ comprises the tbvec stars in thu right wrist iS®’ 
hand of the \Valcr-bi*arcr, or ;■ » (i), v ( 4 ) Aipiarii, together with « 

fourth, which blelcr supjios.*- to bo n (;»). Snee, h'jwovor, the twontjr^'. 
third Chinese detenniti:iti\i', ii'oci. is «.\(juarii ^3), a star so near at^ 
readily tu be brought, into the same group with tl i other three, we are 
inclined to reganl it as altogether probable that the mansion was, tt 
least originally, composed of «, y, v. and i;. 

26, 27. Bkudrnpathl; as plural, 6//d(//'fr/.Wdjf; nlsoA/mefropaifd; (riiiti 
hhadHiat ** beautiful, happy," and /whu “f-iot.” Another ficqiiont appel- 
latiou is pro$hthapiHlu: promhiku is said to moan ** carp" and ^ ox”; the 
latter significalion might perhaps apply here. W''e have here, once more, 
a double astcrism, divided into two parts, which are cUstingauhod from 
' 86 ■ 



OM ■tiot'her tap&rm and ultara, “ and ** latter.” All 

ties agree in assigning two stan to each of the two gToujpa; but there 

not the same accordance as regards the fignres by whicn they ere re]^.- 

S wnted: by some the one, by others the other, ia called a conch or bed, 
e alternate one, in either case, being pronounced a bi-faced figure: tb# 
Mubhrta-Cintamani calls the first a bed, and the second twins. It ad¬ 
mits, wc jppreheiid, of little or no question that the Bhftdrapadfta am 
properly tue four bright stars j*?, «, y Pegasi, and a Androniedsc—-alL of 
them ooiDiuouly reckoned as of tlio second magnitude—which 
together a neaily perfect square, with sides measuring about 15®: tnie 
coiistellatiou, a very l■llll^pu■^■>us (uio, is faiiiilinriy known as tbc Square 
of Pegasus.’’ The figure of a ciuii-h or bod, then, belongs, as in the 
case of the other two double astcri*«ins, already explained, to' the wliolo 
constcllalion, and not to oitlior of tlie two sepai-ate asterisms into which 
it is divided, while, on the other hand, cithfi- of these latter is properly 
enough symbolized by a pair of twins, or by a tigiiro with a double 
lace. The appvoprialene.->» of the ilosiirnsdion “ feet," buuid as a part of 
both the naint-s of ihi- wlmli' coiiMelhiiion. is .-iImi snnicieiitly evident, if 
we regard the group ns thus I'oiunose.l. Thu juuL-tion-ii.tar of the former 
half-asterism is, by its dulincd po-ition, clearly shown to be « Pegasi: 


rurv.i-Iilijdrapsiiia . . . . 33 -iV 




’3=> j- 


32’ 3.)' N. 
19 ’ 2 ;' X. 


^The Graha-Laghav;' gives the imji'tTon--i:ir 1° b.'-s of polar longitude, 
^ which would bring it*- iio^itidi: to a yet i-liwcr iii’cnrdaui'e, in respect to 
longitude,, with « l\-g:i.si: the iTru'r in kititiide, whiL-h is eoirimon to all 
-t^the authorities, i*- not grusitur ili.-iii wu Ijum: iiu't witli bc\erid times cLc- 
rherc. But we arc r<i]il bflow (v. lit} liial the [)riiici[»ul .<tni' of each of 
lesc asterisins is the iiurthern, and this woidd cxchnlu ^ Pegasi alto- 
Itber, bringing in the othur member of tbe first pair some more 
"ibuthern star, perlnip' 5 J Vurn'i (:J. 11. The i-(.i.i'..sioii i> n.d less marked, 
•although of iiiiotlior oliar:i>-t'‘r, in tlie '-a-- of t]i<- m'<:iiiiiI astcrisni : in 
the detinitioii of jiodtion nr ii>. ii!ii'-li(>!i-.'tai' w>' a buigitude given 
which i.sthnt of one mundn-r of the irioujj. anil a latitude which is that 
of the other, a'^ i» shown liy tlii> {...jhiwiiig e(>iiip:irisun : 


L'ttHr. 1 -Ulaclnipadu . . . 3.1?’ lO’ 

y Pepasi.8» 

a Aiidrurncd.'u. 17 ' 


34® I'N. 
13® 35' N. 
35® 41' X. 


If we accept either of tlioe two stars as the one of which the posi- ' 
lion is meant to be defined, we shall lie obliged to admit un error in tha 
determination either of its longitude or of its latitude considerably 
greater tlian we have met with elsewhere. Nor is the matter mended 
by any of the other aulhoriiius : the only vnriatiou from the data of our 
text is presented by the Graha-L&ghava, which rca^Js, as the polar lati¬ 
tude oi Uttara-Bliadrapada, 2f® instead of 20°. Tlierc can be no 
• doubt that the twi^i stars roco^nixed n& composing the asterism are y Pe- 
and u Androracdu!, hut tlicre ba.s evidently been a blundering con- 
bi making out the definition of position of the jnne?, 
t. We would suggest the following as a poiietble explanation ^ 











• ’3ftr\ 


^ ,__ .. . .. ’ ’ 19 § 

» i* *, '■-\' I • ^' « 

vf!!^ (fOliftwion: that originally a and y PegasI were desWaied and de-- 
. loribed an jaiietion-stars of the two half-groups, of which they yero 
reajMcti^ly the sonthera members; that afterward, for some reason—; 

' perhaps owing to the astrolo^cal theory (see above, vii. 21) of the supe* 
riority of a northern star—^tne rank of junction-star was sought to oe 
transferred from the southern to the northern stars of both asterisms t ~ 
that, in' making tlio transfer, the original constitution of the former 
group was neglected, while in the latter the attempt was made to define 
the real position of the nortbern star, but by simjily adding to the polar 
latitude a1rGad;f stated for y Pegnsi, without altering its polar longitude 
also. Al-Blrfrni, it should be romarked, was unable to obtain from his 
Hindu informants any satisfactory identification of either of these aster¬ 
isms, and marks both in his catalogue as " iinkniiwu.'’ 

The view we have taken of the true rhara«'t#'r tif tiic two Bh&drapa- 
dhs is powerfully aupporte<l by tlieir coinpariMm with the rorresponding 
membera of the other two svf.teiiis. 'L'lie twi‘iitv-«i\ih aud twentv- 

*r k B 

seventh manzih, al-F:irgli nl-Mnltdiui and al-Fargli al-Mnkhir, “the fore 
and hind spouts of the water-jar." eumpri-i’ iv'.jii'f'iivcdy anil j^Pegnai, 
and y Pegasi and « Andromeda*; the determiiiaii^ fs of the tw'enly- 
fourtli and tw'cntv-fifth sieu, Che and Pi, are a and y l-'cgasi. . 

The regents of thp>e two aslerUms are njit rhtprif and nhi h'tdhnyaf 
the “one-fooled goat" and the “ linttoin-siiak-r-." ;\vi> nri’Iii-'a) tigiires, of 
obscure signifieance. from th*- Veilie ]iantlieoii. 

28. Revali, “ wi-alihy. ahundaiit." It- pri-iding ilivinity is Ptlkshan, 
“theprosperer," on** Ilf till* A.iit\ri-. li -f.:d i>i contain thirty-two 
stars, which are figure!, lik-* Pii'm- uf C'rn. i-htliii. a dr'iim or taWr: 
but it would bo in vain t<> atti-mpt t>* point out prc'^hely the thirty-two 
which arc it^iidcd, or to discover in their arrangement any resoinblancp', 
.to the figure chosen to represent it. 'rin* junciion-'.tar of the P‘Oup||^V 
said (v. 18) to be its siMitlicnmio-t mcin'-er : all authorities agree'rov' 
placing it upon tin- ecliptic, aie'i ail e\.’.'jitii:g our treatise and the' 
^kalya make its position exactly mark tin- initial point of the fixed 
sidereal sphere. Tin: si.av inicinlcd i-. a* ne ha^e alreaiii' often had 
occasion to notice, tlie-faint star PiM-iun:. nl’aliom tl;e fifth m.agiiitude, 
situated ill the band which eoiiiii.-eiK tin- ini) I-'i-iic.-. It :.<> indeed very 
near to the ecliptic, having only 1>'F of «outh hititiide. It coincidc<l iu 
longitude with the vernal e((uiiii>x in the year OTJ of onr era. 

At the time of al-Hiriini's visit to liniin, the Hindus seem to hare 
been already unable to point out. di-tinctly and with contideii''-e the sit¬ 
uation in tliu heavens of that inn-l in.portatit point from wliich they . 
held that the motions of Hie. planets eommenced it the ercatioii. and at 
which, at successive intervals, tlieir niiiver>.al eonj'inction "••nld again 
take place; for he is obliged to mark the tisterism . s not certainly idetr- 
tiflable. He also assigns to it, a.s to ^latabhishaj. only a single star. 

The twenty-sixth Chinese sieu. Koci, is marked hr K Andromod{e'(4), • 
which is situated only 33' oast in longitude from Z Pisciiini, bnt whicn 
has 1?^ 3tf' of north i,atitndc. The last matizil, Batn al-Hfrt, “ the fishes 
boll^,*’ or ar-RislA, “ tlio band,” seems intended to include the stftrs com- 
posiiie the northern Fish, and with them probably the Chinese deter-, 
mlnauve also: but it is extended so fiffnorthward as totake in the Imghi 
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star ^ Andromcd.n' (2), nnd to this star niniic the name of the mansion - 
' is winetimcs npfilictX nltlioiigh its ailimtion, so far from the ecliptic (in 
. lat 25** oO' \.), rciult'rs it by no moans suited to become the distinctive 
Star of Olio of tlio sorics of hitinr stations. 

.. iWe presont, in the unnoxod table, a gonoral conspectus of the corres- 
pondoiioos of the iliivi* systems; anil, in order to briiipf ont those corres- 
pondoiici's in the fnliosi manner pnssihlo, \>o liavo inn'io the oomparison 
in throe diiieront ways : iiotini;. in thf lii>t pl:ii*o, the o:i‘i*s in which the 
throe ap'oo with one another; iheii tlmsu in wliioli eaeh a^rroos with one 
of lliooiluTs: nnd fiiialiy. tliO'e in whieh each aj'roos with either the 
one or the other of llo' ri'inainino Iv.o. 


Correfponueiices of the Jliiuhi, Anto. aii'J ('iii/tetfe Si/stvina of Asterisnui. 
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* This siippospit ihc! second Trta>>.;>7 to he ... fiF the stars in Mu^^n, ns 

detined hj somo .aullitmiii's f ’J'he si.Klh mumll inrliidcs, according to many 
autlinridvs, the fifth <>>>', tint as Hktc i#, at any rale, n di«ifjrdiiiioe in the order uf 
sucee'i^ion, wu liava iird rockmii'd Ihi-i aniniig lli» ri>rrespniiili.'nce<>. \ Wu redron 
'' these two .as ra^es uf genend C'lin.-'idcnri-, hecniHC, nllhoni'li the Cliincso s'Vu is not 
contained in the Arab niansiim, the Hindu asturisni ineUidea tliuni both, and the 
" virtual correspondence of the three systems is beyond dupittu. g Here we imsuua 
' .'-.tk Chinese aim to be comprised amuog the stare forming the last mefui/, which Is 
a&^ther probable, althongh nowhere distioetlj stated. 
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Translation and NoUs, 
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Owing to the difTerent eonntitution of the syhtemfi, thoir coireApond- 
encea arc Homcwliat divci*»o in cliaractcr: we account the Hindu aater- 
isnis and the zVrab manaiona to agree, when the groupa which marls the 
two arc composed, in whole or in part, of tho sinic stara: we account 
the Chinese system to .'igrce witii the others, when the determinative of 
a »leu is to he found among the stars composing their groups. We 
have prefixed to the whole the niimhcrs and titles of the lliudn astCT> 

. isms, for the suhe of easy roferenee hack to the |ireeetling detailed lden> 
tifieatioiis and oomparisoii'. 

After this «>\hihitinu of the cDiieonlaii -c-s e^jisting among tho three 
systems, it can, \y(! apprehend, i-iiier into ihc mind of no one to doubt 
that all have a I'ominon origin, and arc hul did’urent forms of one and 
the same system. The f|iicslion-* next ari-se—is cither of the three the . 
original from which the hiIutn have d.i-rivi‘<l * and if so, which of . 
them iMailitli'd to tin; honor of h'’iii';: -o ivgiii'ilctl i and arc the other 
two indi'jicndciit and dirc''t ili ri\!iji\i-.- fror.i it. jir dia-s oiiher of them 
oomc from tin* other, or nsii'i •"'■li a-::ii-)\il--l'^c an int.cnnciliHtc source? 

In ciulc.ivorinj: to an'Ucr ihc-n- iiiic.-lions. ’vc will tir-t evhihit tlie views 
of M. liiot |■c•sp^■ctin>; rlic I'ri-^in and •■iiane-lcr of the i-liinese as 
statcil in ihe ^olmnc-i for lulu .-iiid IS.j'.f of tho Journal dcs Savanis. 

.\cMirding til liiot, the sint rnriii^n organic and integral' part of that 
system hy which the from mi aliioM. immemorial antiquity, 

have hccii .■ii'cii'it'iiiii'il lom.ikc ilicir car-f'd aial inilii-irious ohsurvationa 
of cnlii'iial plicniiiocii:i. 'i heir iii'triii.ifai... a!’.-! tneir met hods of ob¬ 
servation, liaic hi’i ii I'l i'i-n ■inal 'g-i'i' with tho-- in ii-*!* ani-mg modern 
astronmners in lie- V» • ; ila-v li;r.c l■lMpi■iyl■ll a iiii'riiliim-ciri'K* and a 

mca>iire of time, th'' p'X'ira. an-! ha'.-- ‘ih-riaL-ii moriilian-transits, ob- 
tiiining right a-i'i'ii-Ion-. .in'l di-'''.i;i:i'ii''n^ of tin* ]iiiitii>s «ih>ei'vcd. To ^ 
reduce the error-i of lln-ir inni.-rii -'1 limi-kitcpi.-r.-«, they long ago selected'■ 
certain star.< near tin' iiin.-riir. of whii-li tln-y dti-Tminc«l with groatean'' 
the interval' in time, .-mil i.» iiii‘«.i- t'.i -v ri-f.-rri'il tin- ]i‘i'ition'. of stare^r . 
planets I'oiiiiiig l<> (he mi-riiii.-iii in--ween thi-iii.' Tla* >.tnrs thus chosen 
arc the nh'ii. T*’.emy-foiir of lin-m wer«' livcil uti.iii more than two 
tlinnsand yeais l«>|or,. onr ci-.'i (.M. i;ior -ay*., ;dl■■llt tJ. t’. 'JdoT: but it i» 
obviously inqxissihli-to ii\ the liai'', hy iniiM'ind evidence, within u con-- 
tnrv or two, nor i- iIm* l•^i«■nlal c\of a jnori* definite character); 
the coiiMilcraiion'. which guv.-nicd ticir seiei-iinn wen* three: proximity 
to the c<|u:itt'r i>f tiial pi-riiid, distii:--! visihiliiy—con.qiicnoiis brilliancy 
not being dcniaiulcd for ihcm - an.l near :igee''m!'ni in rirspeet to time 
of transit- wiiii the iip[>er and lower me!'i.lian-[i:'":igi*s nf the bright stars 
near the- pole, within llm eir'ii' of perpe'.ual apj'avition: M. Biot finds 
reason to believe liiat tlic'-e eiri'ump.>!ai' .'tar-* 'jjid been earlier observed 
with special care, ami made. slan<lar<l<; of eon larison, and that, when 
it was iific.rward s-.'cn to he dc'<ir.'ihlc to have ^ti.lions near tlio equator, 
such stars were aihqUeil as most nearly agreed w ith them in right ascen¬ 
sion. The other four, being the Pth, i-lrli, 21-t, and dSth, the accession 
of which completed the sysiem of twontv-eight, were added in the time 
' of Cheu-Koiig, about B.O. 1100, beeanst' they marked very, nearly the 
• positions of the equinoxes and solstices at that epoch: the bright star of, 
ue Pleiades, however, which had originally been mode the ISrst of the . 
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Mrie^ itii near approach to tUe vernal eouinox of fhat reniotar.eray 
\ ftiU i&ainfaincd, na it has ever since maintained, its rank as the fifsL 
Since the time of Cheu-Kong the system has undeigone no fiirther modi- 
filiation, but has been preserved unaltered and unimproved, with the 
obstinate persistency so characteristic of the Chinese, although many of 
■ the determinative stars have, under the influence of the precision, be¬ 
come far removed trom the ev|unior, one of them even having rctio- 
graded into the preceding mansion. 

If the history of the Chinese «>«, as ihns drawn out, is well-founded 
and true, the question of origin is already solved: the system of twenty- 
eight celestial mansions is proved to he of native Chinese institution— 
just as the system of representation of the planetary movciiionts by epi¬ 
cycles is proved to he (iroek by the fact that we ean trace in the history 
of Greek seicnce the snecossivo steps of its grtidnal elaboration. That 
history rests, at present, upon tlio anlhorily i>f M. liiot alone: we are 
not aware, at Ica-t. that any rither iim'<»tig:itnr has gone independently 
over the Stimc groi!i:<l; and In* hat not iiimxetf laid heforc Un in their 
original form, the passages from (.'liine*><‘ te\ls wliieh fnrnish the basis 
of Tiis eonelusions. Hnt we reganl thorn as entitled to bo received, 
upon bis authority, with no slight measure of confiileiiee: his own dis¬ 
tinguished ciniiiencn as a physii-i.st ahd astronomer, his fiiiniliarity with 
researches into the history and ari’lisi'idogy .seienee, his access to the 
abundant iiiatorial for tlu- hi«‘ )r_\ I'him asiroiioiuy collected and 
worked up bv the rreiudi mi- ionari*- I ‘i kin. ainl the zealous assist¬ 
ance of his M. I'Miiiiard 1 tlic ciniii--iil SinologUl, whose pi'cni.v 
turc douth, in 1'•■*'>, has b4*en .-o d4‘eply ilfpi.neil as a severe loss tot.'hi- 
nese studios—all tiiesc ad\ant.ages rarely iiiitcil in such fnliiiess in the 


.person of any <oie •.tndent «if mh !i a svib et. giio ^c■ry gre.at weight to 
' views arrived .at by in .as the ri'siilt<. of iaborioiis ami long-continued 
investigation. Xoruo we -ee that any g^iioral I'onsidcrntioiis of import¬ 
ance ean be brougiit tbrwarii in opposicion t<> tiio-c viows. Jl is, in the 
first place, by in) incaiis incoimisreni with what we ki't>w in other res¬ 
pects of the age ami characicr of tin* <-nliiirc of tlie V.’iMru-.e, that they 
should have devised such a system ai so early a date. They have, from 
the beginning, been as mneh disiingnishcd by a tciulcncy to'nbservc and 
record as the Ilimlns by the lack uf 'iich a tendency : they have always 
attached extreme iiiiportu!j''r; to .n-lronomical l:i! mu's,' and to the eunstriiV 
tkm and rcctificatitui of tlm cati'!i>i:(r; and tin: inilii'itry aiid accuracy 
of their observatii>iis is aLb'stud l>v tlie ii.v: iiiude of llieiii by modern 
astrouomere—thus, to take a •«:ngl>; instance, of the coinetary orbits 
which have been caleiilated, tin: iir-l tw«*iity-nvn rest upon Cliiiiese ob¬ 
servations alone: and once luon-, it is ultogelhur in accordance with the 
clever empiricism and practical alirewiliiess of the Ciiinesc character that 
they should have originated at the very .ttart a sy.stcm of observation 
uceedingiy well adapted to its purpose, stopping with that, working in- 
'mstriously on thenceforth in the. same beaten track, and never dovelop- 


l^KCOgnuiDg and definmg 
of the precessioo. 
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Again, altlunigh it might leem beforehand highly in>]^bable that a 
■yiitem nf Chinese invention should have found its way into the West, 
and have been extensively accepted there, many centuries before the 
Christian era, there are no so insuperable difficulties in the way as should 
destroy the force of strong presumptive evidence of the truth of such a 
communication. It is well known that in very ancient times the pro¬ 
ducts of the soil and industry of China were sought, as objects of lux¬ 
ury in the West, and mercantile intercourse opened and maintained 
across the deserts of Central Asia; it even appears that, as early as 
about B. C. 600 (Isuiuh xlix. 12), some knowledge of the Siniin, as a far- 
off eastern nation, imd penetrated to Babylon and Judea. On tlie other 
hand, we do not know how much, if at all, earlier than this it may be 
necessary to acknowledge the system of ustcrisms to hare made its ap¬ 
pearance in Indira. The litorary ine^rials of tlic earliest period, the 
Vcdic ])eriod proper, present no evidence of the existence of the system: 
indeed, it is reinurkahle how liiile notice is taken of tiso stars by the 
Yedic poets; even the recognition of •.rune of them as ]iiiincts does not 
appear to have i.aken place until >'oiisiilerab]y hitcv. In tiie more recent 
portions of the Vclif —sis in the iiini-i*‘i:iitli book of the Atharra- 
Veda, a modern np]ieni.hige to tliai niu<lL-ni collection, and in jiarts of 
the Yajur-V'cda, of which there is reason t'» believe that the canon was 
not closed until a comparatively late pcri<>d—full lists of the .a^terisms 
are found. The. nKKt unei|ui\i^cal eviileiicc of the early date of the sys¬ 
tem in India is fni'iiislii-d by the eharaeter of the di'iinitici) undor whose 
regency the several !i>t'-i i-m'. are phn-eil: the-c :iri.‘ all from the Vcdic 
pantheon ; the ]ioiinl:ir ili\ inith-- t.-r lali-r times an- not to he found among 
them; but, on the oiher haiel, imu'e th.'iii one whose eoii.scqiience is lost, 
and wluise names ulino-l aiv foi'gollen, even in the epie period of Hindu 
history, appear in the li-t. N' illier ll-.i'., however, Jior any other evi¬ 
dence known to us, is .‘.nllieient to prove, or e\on to render strongly prob¬ 
able, the cxisienci' of th- asteri-nw in India at so n-nndo a period that 
the aj'stem miglii noi. be b. Ii-ved to havi introdueed, in its fully 

developed form, irom China. 

If, now, we make tlie atteiiijit to dotennino, upon iidornnl evidence, 
which of the three systems is the ju'iiiiitive one, a detailed examination 
of their eorrospondenees ami dirtVieiiees will leml u.s first to the import¬ 
ant negative coiieliision that no one among them oaii be regarded as the. 
immediate soui-ee from which either of the other two has been derived. 
It is evident that the Hindu nslerisni.s and the Arab ;nund2f7 ronstittt(e,V 
in many respcel'*, one and the same sy-^tem : both ]»rcsont to us constel- ' 
lations or groups of stais, in jilaec of the single <letonninativcs of the 
Chinese aku ; and not only are tliosc groups eo.npuscd in general of the 
same stars, but in <u\ei'al eases—as the 7t)i, luili llth, and 12th mem- 
bore of the scries- when*, they ditfer widely in s.tuation from the Chi¬ 
nese deteriniiuitivos, they exhibit an accordance w 'dh one another which 
is too close to be plausibly looked upon as accidental. But if it is thuiE 
made to appear that neither can have come independently of the o^or 
from a Chinese original, it is no less certain that neither can-.l|ri|K|a come 
through the other troin such an original; for each has its ‘<»M|Hnts of 
agreement with the sieti, which the other docs not shara—-tha nindv in 
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the Oth, 13tli, and 21st astcmma, the Arab in the Ifith, 22nd, 2Srdi. 
24tht and’^3dth mansions. The. same considerations sliow, inversely, that 
tbe Chinese sysieni oaiinol betraecd to oil her of the others n.s its source, 
•;wnce it agrees in several points with e,ju;li one of them wliero that one 
differs from the thin.1. It. iH-eoiiu-s iieeossarv, then, to introduce an addi¬ 
tional term into the compan.soii; to jiP«niiie the oxislenci; of a fourth 
sptein, differing^ in some puriieulars fnnn ejieli of the others, in which 
all shall find thuircoinmon [loint I'f union. Such an :i.«siiiiipti(in is not 
to be lo(iked upon ns either gratiiilon.s nr .irbifrary. Nnt only do the 
mutual i-elations of the iliree sysu-ins point di-siineily tcnvaiil it, but it is 
also supported by peiieraJ eonsiilcrnlioiis, and will, we think, be found to 
remove many of the »liiMi;iiiiie'« which have eud>iirm.<seil the history of 
the general system. It has been urged ;i.s a [toueriiil objection to the " 
Chinese origin of the tweuiy-eig^fold di'. isimi of (he ^nveii», that we 
find traces of its existence in <6 many of ilie countries of the West, 
geographit'.'diy roiiiutc from t'.iiiia, ,-niii in which ('hi'i(‘'<i‘ infinenee can 
hanlly be .supposed t.» hcM- l■'cil iil;. it is uii'liuilitediy 

true that iiciilier India iior .'.raliia liii» f.iiii.ii in a'lcii I'l. wi siioh 

relations to (.iimn shoiiM lii ii in l tin* inuin'iii.ti" iveiniciit 

of'Chinese learning, and the iiii'.'iii': "it iN ■'<-niniiiiiii‘;:iiii!i to snrrouiid- 
ing people-. The great l■■■!Ill' of inti rcoiir-c iu twi-n r;,ii,'i :l•|•l tho 
W est led «'vj.'r tin* t'dili'-l.iiiii of .<'riiiral .‘.-i;', :i.rl in’o north¬ 
eastern territory o! iraii, lin' -i <•! ih" Xoro.i-i; i;.'; I'l.li-i'iiin and cul¬ 
ture: thenc till'p•lall- lii'.t.y... I, i’ . c..r.), i;,,. n’licr 

soutli-ea.'t\\a' 1 1 iii**' fi, j.'., j. r > | ji* i.* t*..' t tmo 

rate ot tiie liniian \. ■ Mn i-r ii:.'ii) :'n- ij'niiso:' centred 

laud of Iran wc ^*••^n■';i\l■ lus' -■y'li-in nj 111 iiav(‘ ^l■l'(■i\I'll tli."r> 

form of whii'li llie Jlin-ln rnk'^I'llr'm arni ;!:■■ .'i|-;iii arc- the 

i.irgouiewhat alici'i’d ^■l.•pl■^l»•.•l!t■liiv^'; jii'-i.i-.. 1\‘ v. iii.ri', ami wlicilicr in the 
hands of iSl'iiiili'* or of Ain.iii l■.■‘■■lv .• wo'iiii n i| ai |iri :i :it attempt 
to say. Hierc are, a- Im- l>l■^■ll iiijIii'i'iI ;i!.iiii'. ir.-ii'i'. of :iii Iraiiian ‘^\s- 
tem to be fuiiiul in the Ijiiii'I''1io'!i : I'lii :!i'.s i.« a \ nil: wnii-lj, alihouirh 
probably not. later than ih'' l!ii;'‘' oi ■, niidi'r her 

kassanianruIcrM, lan |ii'ct(-::<! lo i;ii i!,< lii i> trju'c.s havo 

as yet been poinleil out in iJii; I'iirlii -i Ir.-miaii iiH-inori.-il. the Zi'iM.Iavcsta. 
Weber (Iiid. LiieraturL'i-.-chi. htc, p. ). o. ihn oiher hand, s in the 
mazzaioth and majzorf,/!, of thi* S-Tii.ti.r-'. (.In!. v\\\iii. ;jj: II Kings 
xxiii. S)—Words ra'ii''aiiy "liiiii v«ii!i tiio .\rji!i'‘ —indicaliuMS of 

tbe early exi.'le.ii'i' o( tun *._V'ii'iii in iiucsiion anioi'g the wcNtrrn .■’'ciuitcs, 
and suspects for it a t.)ialiiai<‘ or gia; 1 ’:i ilie iiliu-ioii- appe.'ir to lis tot- 
obscure and eriuivoc.-il to be r-iicii upon a- proof i.f iljiv, iiin- j.., jf easy 
to believe that such a melhud of divi.-ioii of the heavens Hiuiihl Inavo 
pro\Hik'd so far to the. west, and from m» ani'ii iii a time, without our 
Learincr of it from the Greeks; and especially, if it ibniieil a jnirl of the • 
Chabiaii; astronomy. This point, howcvei, may fiiirly be pa.s.soii over, 
is ofiij to be determined, perhap.-, by future inVesligiitions, and not of 
-wwmtia l iin portanee to tlii* pn'sciit irii|uirr. 'I'Jii,' (|iio.‘>tioii of originality 
** ^®||j|j®hniicly settled adversely to the ehiiins of both the IJiiidu 
'»Bd^<^mib syhtem.«, ami can only lie between the Cliine.se tind that 
ffont which the other two have together descended. And ; 
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as'Conceiiis these, wo ate willing to accept the eolution which isfur* 
niahed ns by the researches of M. Biot, supported as we concoifs it to be 
by the ffeneral probabilities of tlic case. Any one who will trace out, 
by the help of a celestial globe or map,* the .positions of the Chinese 
determinatives, cannot fail to perceive their general approach to a great 
circle of the sphere which is iiuley)ciidciit of the ecliptic, and v^ich 
accords more nearly with the equator of 1’.. C. 2350 th.sii with any other 
later one. The full cxplaiiatioii.< hikI tsii>lcs of positions given by Biot 
(Journ. d. 8av., 1840, pp. 24:i-2a4) alsi^ fiirtii<li cvitleiioc, of a kind ap- 
prociablo by all, that the system may lirivc hud the origin which ho 
attributes to it, and that, allowing for the limitations imposed upon it by 
■its history, it is consistent with itself, ainl well cnnngh adapted to the 
purposes for w Inch it was ilcMi^neil. With the positions of its determin¬ 
ative stars seem to have agreed those of tlio r-oiisti-llations adopted by 
the coniinon parent of tliu IJiiidii and A rail sv^toni'i, cK(‘[iliiig in five or 
six points: those points being wIum-c ili'* Chine.-o make their one unac- 
countalili! leap from tlie liead to tli<- hell of Orl.iii, .-nid .-tgain, where the 
sictt are drawn ot)' far to the southward, in ilic eoieit*‘!laiioi!s Hydra and 
Crater: and this, in onr \ifw, looks imn-h nn-ri- ns if the .•.eriea of the 
sieit were the original, whu-e gniilanei* h.'i'l been «-hwely fnIloV'Cil except¬ 
ing ill a lew cases, than as if the asterisuis eimipo^ing the otli'T systems 
had been* independently seleelul from ihi- gi-mip-* of siars Mtiiated along 
the zodiac, with the nf fnrmiiig a /oipa--al .series. It U easy to 

see, farther, how ihe.-iieje'leleniiinaiiio-' f iIh’ fii't .-inmid have become 
the nuclei for •■ini-tellarmn ; Mieli .".s afi* pre.-eiiie*! by ihc i*ther systems; 
but if, on tile elll■trar^ . the xien h:id been 'Si-lc-ie 1 by the Chinese, in 
each case, from gnmps pri \ etiii>.iituii.-'!, ih'Ti- apjicars no reason 

why their briglile-t 'hoiilii in-i Inive bi'en r!i ■- -n. a-'- ih.ey wore cho¬ 
sen later by the. liiiel'is, in the I siabli^Iiiiii-nt (•!'ju:ii'tl m— tars for the ‘ 
asterisuis. * 

We would siigge'.j, thi-M, as the lli'-iry b. >t supp'irie-l by all llic evi¬ 
dence thus far eli'-itcil, ilnu a kno*.\b-.ig- of the Chines'■iMronoiuy, and 
with it the Chinese sy.sirin of ilixi-i-'n nf lie- leauens in'.o twontv-eight 
mansioiis, was earrii'd into Western .V-ia at a perio.l iioL miicti later 
than B. 1 lO'b ami was ther.- ;ii!i'p!".i liy -.uni* wi'-.t 'i-M ]v-ople, either 
Seniilie or Iraniaii. 'i'lnit in their haii.is it ri-eei\i'.l a in-.v form, such ns 
adapted it to a nnb-r ami le-s si-ieiililie ni -iliod «i{’ i>ii-i'rv.iti m. the- limit¬ 
ing stars of Ihi' inaiisioiis heing eoioerted into /.■•iim-al groups or con- 
sU'IIalions, ami in .some insiaiiei-s alleml in p.i!>uion, so a« to he brought 
nearer to the gener.-ii planetary paili of the <-'liprii.'. That in this 
changed form, having bi-eome, a means of roughly determining and de¬ 
scribing the plaees ami iiKoeineiits of the plam.i.s, it pa''''-.'<! into the 
keeping of the llimlns—very j*roliably al.uig will the Ih-st knowledge 
of the planets thcm.seUes—ami enteivd upon an imlepen>lcnt career of 
bistory in India. Thai, it still maintained itseif in iis old seat, leaving its 
tracc.s later in the Ihindehesh; aiul that, it made its way so fur westward 
as finally to beeome. known ti>, and adopted by, the AralisJk The farther 

* We propose to funiixli at the close of this jiiiblicatioii, in connection^ith (be 
additionaf notes, such a map of (lie zodiacal zone of the heavens as will sufficiently 
illustrate the cliuractor sod mutual relations of the three systems eomparod. 
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Kodifteftiona introduced into it by the latter people all hare'^ in lieer 
ilpele ptitpose, that of cstabliRhin^ ita stationa in ^ iromediate nti^hr 
bi^ood of the ecliptic: to tliia purpose the ifh<de Arab system » not' 




•.The ITindu sustaius in tliis respect but an unfavorable comparison with; 
'the others ; the arbitrary introdnetion, in the 15th, 82nd, 23rd, and 24t]t 
astcrisms, of remote northern stars, {rrently impairs its unity, and dso 
fnrnishcs an additional arjeciimcnt of no slijrht force against its original* 
ity; for, on the one hand, the derivation of the others from it becomes 
thereby vastly more difficult, and, on the other, we can hardly believe 
that a system of organic Indian grnwtli coiilil have become disfigured in 
India by s'lch inconsistencies; they wear the aspect, rather, of arbitrary 
alterations made, at the time of its adoption, in an institution imported 
from abroad. 

It might, at first sight, appear that tlie adoption by the Arabs of the 
awsinl corresponding to Aqviiu ns I ho. (lr«t of their serins indicated that 
they had derived it from liidi.v posterior to the transfer by the Hindus 
of the first rank from Krttikii, the first of the sim, to Agvini: but the 
dreiimstanco seems readily to admit of another interpretation. The 
names of many of the Arab mansions show the inflnenee of the Greek 
astronomy, being derived from tlie Greek constellations: tbe same influ¬ 
ence would fully explain an aiTangoinent which made the series begin 
with the group coinciding most nearly with the beginning of the Greek 
Bodiac. The transfer on the part of the Hindus, likewise, was unques¬ 
tionably made at the time of the general roconstnietion of their astro¬ 
nomical system niider the influence of western science. The two soiies 
are thus U) bo regarded as hui'lng hccii brought into acconlance in tliis 
respact.-by the separate and independent working of the same cause. 

M. !Biot insists strongly, as a proof of tin; non-originality of the sys¬ 
tem of asterisins aibong the Hindus, iipnii its gross and pnipablo lack 
of adaptedness to tlie purpose for which they used it; he compares it 
to a gimlet out of which they have tried to make a saw. In this view 
we can by no means agree with him; wc wmilii rather liken it to a 
hatchet, which, with its edge dulled and broUeii, has been turned and 
made to do duty as a hnmincr, and whii'h is nut ill suited to its new and 
coarser office. Indecl, taking the llinun system in its more perfect 
and consistent form, ns applidl hy tltc Arali.s, .*ind coiiiparing it with the 
Chinese stVtt at any time within ihe past two thousand years, we are by 
no means sure that the mlvaiit.ign in respect to adaptation would not bo 
generally pronounced to be upon the side of the former. The distance 
of many the tieu during that period from the equator, tho faiatncM 
of some among tliem, the great irregularity of their intervals, render 
them anything but a model system for mcaHuriiig distances in right 
ascension. On thcr other band, to adopt a scries of conspicuous conetet- 
latioiis along the zodiac, their proiKimity to which tho movements of 
tho filanets al^ll be marked, is no unmotivud proceeding: just such ft 
^division of tin ecliptic among twelve constellations preceded and led the 
-.%|iy to 8he Greek method of measuring bjr signa, liaving exact limiti, 
iM,' independent of tho groups of stars which originally gavo name, to ' 
SL Biot's error ueain bia miai^preheiiiioii, in two impofUmi 






'.'nvpeettf ^ ihei biuuaeter of the Hindu ■sterwnai: in -the fikiC pilsea, he 
denatnnuf tiittato them as-if they^ were, like the neu, iingle sten, the in^ 
between whoso eirdes of declination constitutra the accepted 
dhrisions of the zodiac; and in the second place, he assamea them to 
have been established for the purpose of marking the moon’s daily. pcO' 
graaa from point to point along the ecliptic. Now, as regards the first 
of theae points, wo have already shown above that the conversion of the 
Chinese determinatives into constellationK took place, in all probability, 
'before their introduction to the knowledge of the J lindna: there is, in- 
deedj an entire unanimity of evidence to the effect that fhe Hindn sysr 
tem ia from its inception one of groups of stars: this is conclusivelj 
shown by the original dual and plural names of the asterisms, or by their 
otherwise significant titles—compare especially those of the 13th and 
26th of the scries. The selection of a “ juin.'tioii-star’* to represent the 
asterism appears to bo something comparatively iiioderii: we regard it 
aa posterior to the rcconslructimi of the Hindu astronomy upon a truly 
scientific basis, and tlie dctcriiiiinilioii, by calculation, of the precise pla> 
cea of the planets ; this wftuld iiatumlly awaken a desire for, and lead 
' to, a similarly exact ilcterniiiintion of the posit'mn of some star repre¬ 
senting each asterism, which might be cniployctl in the calculation of 
conjunctions, for astrological purposes; the aMrouomicai uses of tbe 
system being no longer of mueli account after tlic division of tbe ecliptic 
into signs. And the choice of the jun«‘tion-.stiir has fallen, in the mih> 
jority of cases, not upon the Chinese determinative itself, but upon some 
other and more conspicuous ineinlior of the. group originally formed 
about the latter. Agaii^ there is an entire ah'^enco of cviiicnce that the 
“ portions” of the .‘i.xteri.sins, or the arcs of the ecliptic named from them, 
were ever measured fnim junction-star to juiu;liou-.«tar: whatever may 
be the disconlance ainang the <lilVerent authorities ri-sp^cting their extent 
and limits, they are alway.s freely, and often arbitrarily, taken from parts 
of the ecliptic adjacent to, or not far reiiiurcd from, the successive con¬ 
stellations. |||k 

As regards the other point noticed, it is, indeed, not at all toino won¬ 
dered at that M. Jliot siiouKl treat the Hindu nalt/ia/rat as a system, 
bearing special relations to the moon, since, by those who ha\’e treated 
of them, they have alwav-s been styled “houses of the moon," “moon- 
stations,” “lunar asterisms," and the like. Nevertheles.s these deaign.i|>- 
tions seem to be founded only in carelessness, or in iiiisapprchcnaion. 
In the Sfirya-Siddlidnta, certainly, there is no liiiit to bo discovered of 
any particular connection between them and the moon, and for this rei^ 
son we .have been careful never to translate tbe term wtkihtUra by any 
other word than simply “ asterism.” Nor docs the case appear to have 
been otherwise from the beginning. No one of ^ho general names Ibr 
the astorisms {mkihatra^ hha^ dhishnya) means literal^ anything^ more 
than “ atar” or “ coiistcllatioii”: their most ancient and usual appdla- 
tion^ nakiAatra, is a word of doubtful etymology (it may be redtcally 
i^in. wHh nakta, nox, vifi, “ night”), but it is not infrequonlly met with 
in -the Vedic writings, with the general signification of **.etar,”/| 9 r 
group ^ etaifl^’: the moon is several times dosigpiated aa^eover^^ 
' aoT the nahiAafraf,” but evidently in no other senae then that in wl^ 



we it^Io her “ queen of night'*; for the lame title » in oth^' paeiageB 
ghren to the sun, and cveu aUo to the Milky^Way. When the name 
came to be especially applied to the system of zodiacal asterisms, we 
have seen above that a single one of the series, the &th, was placed un¬ 
der the regency of tlie moon, as another, the 13th, under that of the 
' aun: this, too, by no means looks as if the whole design of the system 
was to mark the moon’s fiaily motions. Xiitumliy enough, since the 
moon is the most conspicuous of the nightly hiiiiiiiarlcs, and her reroln- 
tions more rapid and far more important than tliuae of the others, the 
aatcrisiiiH would practically be brought iuto much more frequent use in 
connection with her niovenient'*: their nunibor, likewise, being nearly 
accordant with the number of days of her sidereal revolution, could not 
blit tempt those who thn<% ciiiployed tliciii to set up .in artificial relation 
butween tlie two. Lienee the Arabs distinclly cull tlioif divisions of the 
zodiac,'and the constellations whii'lt mark them, “ hniisesof the moon,?' 
and, until the researches of M. J>iot, no one, so tar as wc are aware, had 
ever questioned that the immlici' of the asicriMiis or mansions, wherever' 
found, was derived from and di'pendciit uii tiiat of the days in the 
moon's revulntinn. It wais most iiaturiil, tlicii, that Western acliolnrs, 

' luiving first iii.ide aequaiiilance with the Arab system, shonM, on finding 
thii'same in India, call it by the sanm name: nor is it very strange, even, 
that Idcler shoulil Iiave gone a step lurtlKM*. and ;qiiilii>d the iamiliar title 
of “lunar stations" to the Chiiuse an i-rnir for uliieli he is 

sharply criticised by M. lliot (.loiirn. d. Sax., p. 4sob The latter 

cites from .il-l>iruiii Mmirn. il. Sav. p.-Ill; p|). 1^7-8) two 

passages derivuii by him friuii Var.'ilia-itiiliira Itrahmagiipln respect* 

' ively, in which are rironicl att«‘m])ts to xslal>n<li a systematic relation 
between the n>ti-risms :ind tin' nioonV true .muI liicau daily motions. 
One of tlie.f.e juisftigc- is exi-ecdiiiirly oli-i-iirc. and butli are irrceniicila- 
blc xrith one anotli( r, anil with what we kn'»xv of ilic s\sr.eiii of a-stcr- 
isins from other sonrt:eK: two riii)(;lu>.iii]iv, liowi-xer, hearing .upon the 
prcsenfll^atter, are clearly derixalilc frem tlu-m : first, that, us the “p'jr- 
tious'* assigned to the :u<tcri'>in* Innl no natural riinl fixed limits, it was 
possible for any Hindu systcm-inaki-i' ^o to tlcfinc them u> to bring them 
into a connection with the linen's dadx' motions: and Kceoiidlyn that 
such a connection was in-ver deemed a’l essi ntial icutnre of the system, 
and hence no one form of it was genernliy recognized and ueceplcd. 
The considerations adduced liv no u1iovi> are, we think, fully siiiKciciit to 
account for any such isolated attenqUs :il the cstablisltmcnt of a con* 
nection os al-Blruni, wlm iirttiirally sought to find in the Hindu nakuha- 
irtu the correlatives of liLs own ruan&sil al kamar, was able to discover 
among the works of Hindu astronoiiiers ; there is no good I'ensoTi why 
we should deprive the former of their true cliai'actcr, which is that of 
zodiacjii constellations, rudely inarking out divisions of the ecliptic, and 
eiiqiloyablc for ail the purposes for which Kiicii a division is deniauded. 

The reason of the variation in the number of the astcruims, which are 
jreckoiied noWiSa twenty-eight and now os twenty-seven, is a point of no 
difiiculty in the history of the system. M. Hiot makes the acute 
^istion that the omissiou of Abhijit from the series took ^Tace bp-, 
tiie manrion btionging to that asterisni was on the point of Wmiir 
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ing extifi^ahed, the circle^lbf declination of iti jnnction-«ta||bcing 
brought 1^ ihe prcceasioi:^ a coincidence with that of the joncCRb-aUr 
of the preceding‘aateriam about A.D. 072, Bnt it has been shown 
above wat M. Biot's view of the nature of a nakshatra —^that it u, 
namely* tlic arc of the ecliptic intercepted between the circles of. declinar 
tion of two successive junction-stars—is altogether erroneons: hoVcver 
nearly those circles might approach one another, there would still be no 
difficult ill aosigniug to each astcrism its portion” from the ndghbo^ ' 
ing region of the ecliptic. Again, tliis explanation would not accon^; 
for the early date of the omission of Abliijit, which, as already notic^ 
is found wanting in one of the most ancient lists, that of the T&ittiiiya> 
Sanhit4. It is ^ he observed, moreover, that M. Tiiot, in calculating the 
period of Ahhijit’s dissqipearniii'o, has adopted t Snglttarii as the June* 
tion-star of Uttitra-Ashudliu, wliih; we Jiave shown above that e* and 
not T,^ to be so regardeil: and this substitnlion would defer until aev- 
eml centuries later the. date of riiincidoii' C uf the two eirolesof declinar 
tion. According to the Hindu nieaMiirenionts, indeed (see the table.of 
positions of the junctiiin-star.<, near the lioiriniiing of this note), Abhijit 
is farther removed finm liie piveedirii; n<L'ri.<ui, both in polar longitude 
and ill right n'^rension, than are iiieot the other astorisms from their 
respc'divc predecessors: nor dons the Hindu astronomical system ac- 
knowlcilgc or make alluwain'e for the alteration of powition of tho.oindea 
of dceliiiation iiinler the inihienen of the jiivi-cx'iion: their places, as 
datAfor the caleiilalion of niinju)ieli<)n<, are ostensihly laid down for all 
future time. J-'or tJheM; \arions ri-asons, M. I'iot's explanation is to be 
rejectcil as insnilii-iiMii. A inure satisfaetory one. in our opinion, may- 
be found in the fu'-t. illustrated ahovn Kig. 01, beginning of this 
note), that the asteri-nis arc in :reiicral sn dj.->triinited as to accord ^uite 
well with a division of tlie. eclipLic into twenty-suicii ctpial portionsii 
but not with a divi>iiiii into twenty-eight equal portions; that the 
n'gion where they are loo iiiin-h iriowiled together is that from the 20th 
to the 2i‘lrd aslerisiii, and that, among iho-o >itiiat(‘il in this crowded 
quarter, Abliijit is iiirtliest n-niovei] frnm the celiptic, and so is more 
easily left out than any of the oiIuts, in diviiiing the eeliptic into por* 
tioiis. We eannot consider it ai ail donhllul that .\hhijit is;is originally 
and truly a part of the system of ii.sterisnis as any other constellation 
in the series, which is pritpi'rly eoiiiposeil of twenty-eight members, and 
not of twenty-seven : the analogy of tlic other systems, and the &et 
that treatise-s like this Siddhanta, which reckon only twenty-seven divi¬ 
sions of tlic ecliptic, are yet obliged, in treating of die astcrisms os con¬ 
stellations, to regard them as twenty-eight, are conclusive upon ibis 
poiqt. The whole diflieiilty and souree of discordance <eciiis to lie in 
this—^liow shall there, in any systematie metliod of division of the eclip¬ 
tic, be found a ]ilaeo and a poriioii for a twciity-eighth astcrism? Tlie 
' Khsn4s^Katakii, os cited by al-Mirdni—in making oat* by a method 
which is altogether irrespective of tlic netuol positions q| tua ssterisms 
with reference to the sodiae, the necordaiicc already referfifl to between 
their pQitions and the moon's daily motions—allots to Abhijit so ogHlblt. 
of the ilbliptic as is equivalent to the mean motion of the moon dinuig 
.tb part ^ a day by which her revolution exceeds ^enty-aoven days*. 




Ot|i«M|^oijr it ft Bhare in the proper poiSm of tlie t«o%i|fiborii^ 
ftiternlp: tbiis the Mubflrta-MfiJ^ a late 'wodc, of date uidm^n 
Saye: “the last quarter of Uttara-Ashftdhh and the first fif1|£enljh 
Qravana toother constitute Abhijit: it is so to bo aeconnted. vrhttk 'V'- 
twentT-eight asterisms arc reckoned ; not otherwise.” -Ordinarilv, hoir- 
Mtffer, the. division of the ecliptic into twenty-seven equal “ portions” is 
. made, and Abhijit is simply passed by in their distribution. Ail^r thft' 


^'introduction of the modern method of dividing the circle ]nto..Jdegrees' 
minutes, this last way of settling the tlifiicnlty would obvious^ re* 
,^mvo a powerful support, and an increased currency, from the fact that-., 
|ft dit^ion by twenty-seven gave eadi portion an even number of diin* 
"hteSj'dOO, while a division by twenty-eight yielded the awkwardl and 
uuntanageablc quotient 771^. 

yet remains to be done, before the history and use of the ,iiyt- 
toiraraiaterisms, as a part of the ancient Jlindii astronomy anddpatiw*' 
be fully understood. There is in existence an abundain liter- 
ancient and modern, upon the subject, which will doubtless at . 
time provoke laborious iiivcsligiition, and i-opay it with interesting 
fttliDltB. To us hardly any of that literature is accessible, and only the ' 

tt esult8 of widc-extciulcrl and long-coiitiiiiicd studies upon it could 
place here. We have already allotted to the tuikshatras more 
iban to some mar seem advisable: our excuse must bo the iu- 
^ the history of the system, as ]>art of the ancient liistorv of 
and spread of astronomiciil science; the importance attacliing 
I'Ao the researches of M. Itiot, the inailc(|iiate attuqjtinu hitherto paid 
and the rceeiil rc'iicwul of their dh(‘ns».ion in the .lonrnal dcs Sa- 
raants; aiiid finally anil especially, the fact that in and with the aslcruims 
Abound up the whole history of Hindu astronomy, prior to its trans- 
•glgmation under tlie overpowering influence of western science. In the 
' xh^ern astronomy of India, the nakshatras are of subordinate eonse- 
^ueuce only, and appear us hardly more than n'lninisceuces of a former 
' anl^filings: from the Surya-Siddliii!itn might be struck out every 
;.,li^'referring to them, without serious alteration oi' the character of tho 


'■WaA bringing this note to a close, ve ])rcsent, in the annexed table, 
g'^^Mimparisoii of the true longitudes and latitudes of flic jimctiou-stars 
^v|]ia It^nty-eight asterisms, as derived b} calculation from tho posi- 
in our text, with the actual longitudes and latitudes of tha 
■tara^^K^mich they are probably to be identified, lu a single case^. 
(the 2!fth asterism), we compare the longitude of one star and the lati- - 
tudo of another; the reason of this is explained above, in connet^ma 
with the identifltiation of the asterism. We add columns giving the 
errors of.the Hindu detenainations of position : iii that for the latitude 
north d^Mtion #a positive, and south direction as nogjative. 

lJlioii''|§iamiini^f9^^eolran of errors of latitude presented in thia ■■ 
table, thtit they are too considerable, andHIbo irregular, . 

.•.||oth in in direction, to be plaiiiibly 3 teMunted fi>r othe^-. 

;^dllfeihftn asaUeci emit of observation and calenttUoa. The jaomil^4> 
M hae already haie^ Mnted out, are oii<|init(|id in fhe niiisa^:' 
toathem latitadei^ imn of eonsidetabw Barahnf^'faid they 



Latitode. 
Hindu. I True. I 


r A(Tinl, 

> Bhanqi!, 

3 Krttikd, 

4 Bohl^t. 

5 ^^asinha, 

6 Ardid, 

7 PunarTMo, 

8 Punhja, 

9 Afleili*. 

o ttagliA, 

I P.-Phal|^n!, 

s U.i>Pha1^at, 

3 Huata, 

4 CitrA, 

5 Srftti. 

6 Vi^khA, ‘ 

7 AnarAdhA, 

8 JjeahUiA, 

9liaia, ' 

to P.'AsMdhA, 

II U.-AehAdbA, 

la Abhijit, 

13 Qraea^a, 

14 ^'ntTwiithA, 

15 ^bibhishaj, 


n ^ i 3 56 ; - I StI 9 M N.l 8 a8N. + o 43> Arietb. 
a4 35 a6 54 -3 i9;ii 6" ii 17 “ | - o ii |35 AriaAifcuMBW 
39 8 39 58 , - o Sff 4 44 “ 4 1 “ ' + o 43 » TauriTUlcTOBit 

48 9 49 45. - r aG* 4 49 S. 5 3 o S..' + o 4f a Tanri; AdileH 

61 3 63 4o' - a 3 t 9 49 “ i 3 a 5 “ 1 + 3 36 » Ofjooia. ” 

65 5 o 68 43 , - a 53 8 53 “ 16 4 + 7 1 1 ja Orionw.'' ■■ 

9a 5 a 93 r 4 -oaa 6 oN.! 6 39 N.,-o 39;dGk»niii., 
oG o 108 4 a - a 4 a o o o 4 “ I - o 4:8 Cancrl^. - 

09 59 iia ao - a ai 6 56 fl-.n 8 8 . +4 la i Hydrta.^^ 

39 u 139 49 - o 49 o o o 37 X.; - o 37 a Leoni^glinlba 

39 58 f 4 i i 5 - I 17I11 19 N 'i 4 19 “ ; - 3 0 8 Lconia^^^ 

5 o ifi iSi 37 - I ar'ia 5 “ la 17 “ i - o lajd Leonia^^-.K'^ 

'174 aaif73 37 + o 55 10 6 8-la 10 S- -4-a 4^8 Corvi. 


=180 48 !iH 3 49-3 li I 5 o ' 


2 “ : + o la'tt Virginia, Spi 


Ji 83 aji 84 13 - 1 io 33 5 o X. 3 o 57 X. + a 53 a Bootia, AstOiras. \ 


.ai3 3i ail o + a 3i' 


I 48 8. + o a 3 t Libne. . ' | 
I 57 - o 55 8 Scorpionbr^f- 

4 31 " 4- o 4 i a Seorp., Ain||l^; 


Iaa4 44 aaa 34 4 a 10 ; a 5 a " ' 1 67 - o 55 8 Scot 

|a3f) 7 259 44 4-0 al .3 5‘» '* 4 3i " 4 -o 4i a Scor 

ia4a 33 - i 41 ! 8 48 “ i3 i- 4 56 X Scor^„.^gp^.. 

■a54 39054 la 4-0 n. 5 28 “ 6 a5 “ 4- o 5"' 6 Sagitui^;.!:. . ' 

'260 a3"jiria ai - 1 58' 4 59 “ .1 24 “ - i a5 a SagiltaiK'' 


!ar )4 io.jt )5 i 5 - I 559 58 X. 61 46 X. - i 43 » Lyra*, YegA. 

1 _ ^ _ .1 • ^ j a _ _ 4 P U *1 . &. i 


1 3 'a8a 39 a8i 4 > 48 29 5.t *’ 29 ly " 4-6 35 a Aquilo*, Atur. 

14 VravwbthA, {396 5 ^96 ly -o t 435 Ji “ 3 i 57 - -f 3 36 3 DdpKhii. 

15 yatiibhiahnj, 319 5ti in 33 - 1 .< 3 , «> jS S. o 23 8. - o 5 x Aqiinrii. ’ “ 

16 P.-BIiAdrapadA 334 25:333 2714 » 6822 3 oN. 19 aSN. 4- 3 5 a Pegaai. 

17 U.-BhidrapadA, 34? 16'349 8 - 1 53*2 { 1 " 2541 " - i 4 « y Peg. A a Andil& 

18 Revatt, 359 5o'J59 5 o » o' o o • o i 3 S.. 1-o i 3 ^ Piacium. 


all in the wme dirci’.tiou, p;ivin^ the Ktnr a plaee loo far to the nortlb. 
The colamn of orron in lonc:ilii(Ie, on the otlior hand, sliowA ■ 
marked prcpoiidcriinoc of iniiius errura, their .<iim boin^ 33° 51',, 
the anm of /liftid errors is only 7° 5‘J'. I'pon taking the difllma^ of 
these snina, and divuling it by twenty-eight, we find the average- ekror 
of longitude to be -56', tlic grentost deviation from it in cithe^irec^n 
being -il° 4' and + '-27'.* So far ns this goes, it would iawate'^t 

the Hindu measurements of position were made from a veriiaf equinox 
situated ala>ut 1° to the eastward of that of A. i>. 560, and so at a time 
seventy years previous to the daU* we have assumed for them, or about 
A. D. 490. In our prc.sciit ignorance of the methods of obserratioil 


* In a eotnpsriaon in wliich a high d^ce of exsetiwm was dpsired, sad wns not, 
in tils nature qf the can, unattainnble, it would of courM ba,Meeatsi¥ bataka into 
BOODunt the pie|>er motions ^ Uie stars ruiupared. Ihis vst.Mva not 'thonght it 
Y«rlh wbik, in tho lirwut liislunce. to do. We may ramad^jmjMiiM.tlMt tbs 
ninctU'ii-stiir of the I 5 li oatciism, Aretiinn, has s modi greaUr prapK.iMtkm ,%i|i 
Any ottaj^ the nries; and that, if this were allowed for, soPOrding^ its TSiMW 
dctifmViw bxJli^lfom-'Roy' Aetr. Sac., eol. xis, Ito, ISAlktheHindu .eM«f 
^ni^tttda ytaiSft h^lbtninMiad about SS', bat that of latttmda ^scRsa^ aboo^^ 




-fr. 




^&rya-iSSiMdHtaf '■ id. 

■ r|||pj|fj <iil by the Hindiifl for tliis parpone, nnck a dcterminatiott .of di^ 

T ca&aot) iadeeil, be relied upon ae exact or ic^clitalve,- yet ilpia the 1)^' 
and surest that wc can attain. Tlic gciiciv coneJnsion, at any rate,' 
stands fast, that the positions of the jnnrtion-stars of the asterisms is(sra ' 
fixed not far from the time xrhen the vernal equinox coincided -with the 
- initial point of Ike Hindu sidereal sphere, or during the sixth century " 
of oiir era. 

Since, acconling to the Hindu theory, Iho initial point of the sidereal 
•'tthcrc is also, for all time, the ineun pla^'c of the vernal equinox,'%hioh 
mwa}'B reverts to it after a libratioii of 27° in either direction (see above« 
h iii. d-12), we are not surpilsod to find the positions of the asterisms 
' marily defined upon the supposition of their coincidenre. Hut it is nOi 
a litUe strange that the effect of the procession in altering the direction 
of the circles of declination drawn through the junetion-stan!, and so the 
and latitudes of the latter, should he made no account 
liw, however, the latter half of v. 12, hclow, nud the note upon it), 
that directions fur cali-iilatiiig the coiijunetiuns of the planets with 
tMerisnis according to tlndr positions as thus stated should l»e given. 

14—15), unaceoinpaiiicil by any hint (hat a iiKulitifaliim of tho dats 
le procc-ss would ever he loiiini iiccosary. 'I'his cai'clessness is per- 
rfb be regarded ns an a<l(Ii(ioiial I'viil'ii-'c of the small importance 
ped, after the rei'iin.striir-ti'>ii of the llinilu nstrouomy, to calcola- 
which the asterisms wore coiieiTiird: allli«>ngli it also tends 
prove what we have suggested above (note to iii. n-12), that 
7in the construction of the Hindu astronomical system the prece.ssion was 
aitogetber. It is to be noticed tliat tbo two systems of (we 
j^^oye^ ii.'6.7, ami additional note upon that pn.ssage), original!} founded 
upon actual i;oiijunctions with the asterisiii.s have i>ccn divorceil from 
pay real connection with tliem. A like <‘onsid(-ration might restrain us 
from accepting the detcrminaiions of position bere uresontod as^he bc.st 
resulto which Hindu observers and iiistrunients capable of attaining; 
the abseneo of other 1 est< f»f their powers, we cannot well help 
ring the conclusion that the aei-iirui y of a Hindu observation is mtt 
relied on within a degree or two. 

.XgMtya is at the end of Gcrnii.i, and eighty degrees soath; 
frgavviWha is situated in tho tweaticlh degree of Gemini; 
11.. His latitude {vihshepn)^ reckoned irotn liis point of dcclina- 
tioh'(iirpaibxi^ia), is forty degrees .soutli: Agni (/jMfaWiiyjandBrali- 
mabrdaya arc in Taurus, the twenty-.second degree; 

12. And they are removed in latitude (tikahiplK), norUitvard, ’ 
eight and thirty degrees res])eetivcly. ... 

In connection with the. more proper subject of this ^ppter we also 
have laid before ns, here and in a subsequent passage (vlr. 20-21), the 
defined positions of a few. fixed starx wliieli are not,iBcUul^ in tho syt* 
tern of zodiacal asterisms. The definition is made in ^evfitic manner 
if before, by;po1ar longitudes and latitudes. It at all diffieiiit tA 
idwitify the stars refcitM to in these verses; they corrcctlynointed 
Colebrookc, in his article already cited (As. 
a Xavis, or .Canopus, a star of the fiivt of.lAyg 








. Iff 




"'Qaii'Of ue oid Yedie rsAts, or inspired sages. ' The compariaon of its 
:‘troe position with that assigned it by oar text—^whidi, in this instaaca, , 
'dP«S not require to be reduced to true longitude and latitnde^is at-' 
fbllqws': 

Agaatya .... 90^0' .... 80® o'S. 


a* Cunopua .... oa- 4 ' . . . . •jy' ao' a. |fe 

■‘ i^'The error of position is here very considerable, and the variations <!ff ^ 
other, authorities from the data of our text are corresponding jmat.^.-' 
The Siddh&nta-^iroiiiani and (according to C'olubrooke) theBruuna*-*'’^ 
Siddb&nta give Agastya 87® of [lolar longilnde, and 77® of latitude, 
trhich is a fair approximation to the truth: the (>raliarLAghara'.'nlM 
places it correctly in lat. 76® S,, bnt makes its longitude only 
'IS as gross an error ns that of the Surya-Sidilhanta, but in the 
direction. Ihe ^^akiiiya-banlnta agrees precisely with, our treatise MR 
rejects the positions of th('.<ii; four stars, as it docs generally in tb^ 
nnmerical data of its astronomical system. 

Mjgavyftdhp, “ dopi^lmiitor”—it is also called Lnbdhaka,hnnta’^^ 
b « C^nis Majoris, or Sirius, the brightest of the fixed stars: j' 

MrsavyAttfia .... 7O® a3' . . . . 39’5a'S. 

Sirius. 8 .t® 7 ' . . . . j./-* 3j' 3. ' ’ 

Here, while all authorities agive with tlic correct dcterminatioiJiS^tiie'; 
latitude of Sirius presented by onr text, the Siildbanta-Qiromi^'i^jBtc. 
gieatiy reduce its error of longltiule, by giving the star 86 ”, inshm 
80°, of polar longitude: the Gralia-lAgliava reads 81®. 

The star named after the god of hre, .Agni, .and called in the text 
one of hb frequent epithets, hutohhnj^ •• devourur of the sacrifice,” b wT 
one which is sitnkted at the c.vtnnnity of the nortlicni horn of the Bull, 
or ^ Tauri: it alone of tiic four is of the M’cund nuagnitude only : , 

A?ni. 54 ® 5' .... 7® .f4' N. 

g Tauri .... lia® 3a' .... 5® aa' N. ■ 

The very gross error in the dctcriniiiation of the longitude oflhia'alar 
is but slightly reduced by Uic (.■rah.i-Lagliava, which gives it 53®, ilditeU 
of 52®, of polar longitude. The SiddhHiita-Qiromaui and Brahma-Sid- 
d^rfnta omit ail notice of any of the ti.\cd stars excepting Canopoa,and 
Sirius. 

Brahmahrdaya, ** Brahma's heart,” is a Auriga’, or Capella: 

Bmliinahrdnya .... 60 ® 59 ' ... . aB® 53/ N. 

Capella. 61 ® 5o' . . . . 'a® 5a' A. 

The Graha^l^hava, leaving this erroneous deUrmiiutipn of latitaude 
unamended, j|dds a greater error of longitude, in the opposite dimetion 
.-.to that of dl^tex^ W'giving tlic star 4® more of polar lonmtndfe. 

We shall present t^e coinparbons in a tabular form ^ end of 

in wit.hr'tliu other uassairc of uuiilAr inffllStt. ' 


85 ® 4 ' 


75® So' S. 


. .. to that of ifPitex^ 
We shall present 
^/-efiapter, ip uonnccti 


'4|^etad»(^ 


V'giving the star 4 '' more ot pour lonmtnae. 

^e coinparboiis in a tabular form ^ end of 
r. with'the other passage of timilar 11x9^ ^ 

r constrncted a sphere, one may e3camin^l|li| 
Utitude and polar longitutia (diMwvato). 

28 







is thp trao meaning and scope of this passi^, is » qui^^u with 
t to which there may bo some difference of opioich^^Tlu: 'ceAh- 

metitator explains it as intended to satisfy the inquiry wh^m^tlu' polar 
longitudes and latitudes, as stated in the text, are conltta^'or whether 
they are subject to variation. Now although, he says, owing to thq 
precession, the values of these quantities arc not inuiltcrahly fixed, yet 
they are given by tlic text as they were at its period, and as if they were 
constant, while tJic nstroiionior is dirooted to determine tliem for his own 
time by actual observation. For this purpose he is to take such a sphere 
as is described below (ebap. xiii)—of which the princijutl parts, and tho; 
only ones which would be brought into use in this process, are hoops or' 
circles representing the colnrcs, the eipiator, anti the ecliptic—and is to 
inspend upon its poles an ntiditioiial iiiovalile circle, graduated to de¬ 
grees : tliis w'oiild be, of course, a revolving circle of declination. The 
sphere is next to be adjusted in such manner that its axis sh.*!]! point to 
4he pole, and that its hiirizou -hall be water-b'vel. Then, in the night, 
jpie |uuction-st.'ir of Uevatl I'isciuiii) is to be looked at tiirough a m>le 
the centre of the instrinnent. and the corn-sponding point of tho 
jggliptic, which is 10' cast of tin* end of the eon-tclJalion Pisces, is to be 
^t over it; after that, it will be necessary only to bring the revolv- 
|rcle of declination, as observed through the liolc in the centre of 
riSj|^trumciit,_over any otlu-r star of which it is desired to deteimine 
^"ipltion, and its polar longitude and latitude may be raad off directly 
upott^e ecliptic aii«l the movable circle respectively. 

Cotobrooke (As. Kcs., ix. O'iO; Kssays, ii. 324) found this passage 
similarly explained in other comincnlarics upon the Shryn-Siddh4nta to 
which he had access, and also met with like ilircctions in tlic commen¬ 
taries on the Sidilhfinta-tpiruiuani. 

• There an*, however, very scrioii.s oljjcctions to such an inteiqiretation 
of the brief direction contained in the text. It is altogether inconsist¬ 
ent with the whole plan and method of a Hindu astronomical trc'atise to 
leave, and even to order, inatteis of this cliarar'lcr to be determined by 
observation. Observation has no such importiiiit i'lace assigned to it In 
the astronomical system : with the exeeptioii.ctf terrestrial longitude and 
latitude, which, in the nature of things, are beyond the reach of a trea¬ 
tise, it is intendcii that the uMrononicr t-hunbl Hnd in bis text-book every¬ 
thing which he needs for the iletcniiin*;ti(iii of cidestiul pheiionicna, and 
should resort to iii>ti'uineiits and obsenation only by w*ay of illu^t^ation> 
The sphere of wlih-li the constri'.ction is prescribed in the thiilecnth 
chapter iii not an in.-tninieiit for observation: it is c.\pressiy stated to be 
'* for the iiiatructioii of the pupil,*'and it U eiicumburcd with aueh a 
number and variety of diflcreiit I'ircles, including parallels of declination 
for all tlic astcrisnis and for the observed Hxed .stars, that it could not 
be used for any other purpose; it will he noticed, too, that the com¬ 
mentary is itself obliged to order here the addition of ^e only appli- 
auces-^thc revolving circle of dccliuHtion and the hole thiripbgh the cen- 
.trc—which make of it an iii.strmneiit for observation. The simiiK*. n^d 
original meaning of the' passage secim^to be that, liaviug const nn-tod a 
jlpbaro in the maimer to be hepcaflcr^^ribed, one may exaroiiiu the 
•|P||taeB of the asteri^nu as marked .lii^n .it, andJApte the^ coinoideneo 


VUl. 
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Tramlatkn and NSea. 
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#ith thp Bctnal posHions of tlie stars in the heavenSt And we Wo^iilVf 
regard the other interpretation as forced upon the passage by the ram- 
xncntutois, in order to avoid the difficulty pointed out by us above (nMr 
the end of the note on the last passage but one) and to free- the Sid- 
.(U^nta firom the inipntetion of Iwviiig neglected the preccssional varia- 
Hion of the circles of declination. M. Biot pronounces the method of 
observation explained by the coninientators ^‘almost impracticablei” 
and it can, accordingly, hardly be that by which the positions of the as* 
terisras were at first laid down, or by which they could be made to ttiir 
dergo the necessary corrections. Aiiotlicr method, more in accoidanee 
with the rules and processes of the third chapter, and which appears to 
us to be 11101 % authentic and of liiglicr value, is described by Colebrooka 
(lu above) from the SiddhAnbi-Sai-vabli^imia, being there cited from Aa 
Siddhhnta-Suiidara; it is as follows: ^ 

**A tube, adapted to the suiiiiiiit of Uic gnomon, is directed toward 
tbc star on tlic meridian: and the line of lliu tube, pointed to tbe stni^ 
is prolonged by a tliread to the ground. The line from the summit 
the gnomon to the base is the hypothemise; the lieight of the gnomoi^ 
is the perpendicular ; and its distance from the cxtrciuitr of tlie threp|p 
is the liasc of the triangle. 'J'horefurc, as tin! hypothciiiise is to its 
KO is the radius to a b.*isc, from which the sine of the angle,‘and c< 
quently the angle itself, an* known. If it exceed the latitude ^dt 
place of observation!, the duciinatiou i.c south ; or. if the coiitrs^ 
noi'tli. The right ascension, fif the .star is ealciiIaT.i:i! from the i 
night, and from the right aM eii'<iiiii of the sun tor that time. Th^dj^i* 
nation of the eorrespoiuling ]iiiint nf the ccliptii; lieiiig fuiiiul, tha'ittm 
or diftcrcncu of the doclinations, ai’cunliiig as the) arc of the same or of • 
different deiiominatiuiis, Ullie dUtanci; uf the star from the ecliptic. The 
longitude of tlic same jniint is c'lmpured ; and from these clciiicntii, witli 
the actual precession of the equino.\, may be calculated the true longU 
tude of the star; as also it.< latitude on a circle passing through the poiU 
of the ecliptic.” 

The Siddhiinta-Sarvablniuma als>> gi\csthc true longitudes and 
tudeaof the ustcrisms, prni'L-'se.ilIy as thus obtained by oliscrvatien ann 
calculation, and they arc reported by Colcbrookc in his general table of 
data respecting the asterisiiio. 

If we arc not nii.otakcn, tlic amount and character of tlic errors in the 
stated latitudes of the iislcrisms tend to prove that this, or some kindred 
process, was thatjby which their po.sitions were actually detenuined. 

13. In Taurus*, the seventccuth degree, a planet of which the 
latitude is a little more than two degrees, south, will split the 
wain of Rohii.u. 

Tbc asterism Bobinl, a.s has been seen above, is composed of tbe live 
prinoipnl star* in the heaii of Taurus, in the constellation of which is 
' seen the fig^ of a wain. The divinity is Prai&pati.. The distances of 
it« stai> ill longitude from tbc initial point of the sphere viuy’ from 46® 
40' ()') to 48 ® 45' (a): hence the scvciitceuth degree of the second 
sign—the reckoning commencing at the initial point of the sphere, taken 
•M ooinoiding also with the vernal equinox—is voiy nearly the middliei|Q#' 
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^^^^latiuiraiik The letitude of its stare, Bj^inf variea from 2° 86' («) to 6^ ^ 
4)'^^8) i hence, to come into collision with, or to enter, the wain, h ; 
plAMt mast have more than two degrees of south latitude. The Bid- 
wftnta does not inform us what womd be the consequences of snnh aa 
.boenrrence; that belongs rather to the domain of astrology than y|P*w 
tronomy. We cite from the Paficatantra (vv. 238 - 241 } the following^ 
description of these consequences, derived from the astrological writings . 
of Varftharmihira:* 


“ When Saturn splits the wain of Kohint here in the world, then 
M&dhara runs not upon the eartli for twelve yours, 

'^Wlien the wain of Praj&pati’s astcrisin is split, the eartli, having 
as it were committed a sin, porturms, in a inaniiur, her surface being 
sti^wn with ashes and bones, the kdpdlika paiiuncc. '* 

' If Saturn,. Mars, or the desccniliiig node splits the wain of Rob^t, 
wby need I say that^ in a sea of misfortune, dt;struction befalls the woriul 
When the moon is stationed in the uiidot of Kohinrs wain, fhnn. 
men wander recklessly about, do]ivircd of shelter, eating the cooked 
•ilBesh of children, drinking wuior fi-oni vessels burnt by the sun.” 
.^.IJpon what conception this eurious reaturc of the ancient Hindu as- ' 
'HMogy isfoaoded, we arc entirely ignorant. 

|^L4. Calculate, as in the case nf the ]danets, the day and night 
asterisms, and porfurin the oponition for apparent longi- 
flude {(ffM'arman), as before: the rest i.s by the rules for the con¬ 
junction {mehka) of planets, using the daily motion of the planet 
aa a divisor: the same is the case as regards the time. 

.'15. When the longitude of the planet, is less than the polar . 
longitude (dhruvaJeu) of the asterism, the conjunction (t/oga) is to 
oome ; when greater, it is past: wlien the planet is retrograding 
{vakragati), the contrary is to be. recognized as true of the con¬ 
junction {samdgama). 


^ The rules given in the preceding chapter for (‘ulealating the conjune- 
'4ian oftwo planets with one another apply, of course, with certain mod- 
iScationa, to the calculation of the conjuiu ^ions of the planets with the 
aaUriims. The text, however, omits to specily tlic most important of 
these modifications—that, namely, in H.,jtcrmii:ing the apparent longi¬ 
tude of an asterism, one part of tiic pfoross prescribed in the ease of ^ 
planet, the ayanadrkkannaa, or correction for ecliptic^eviation, i.s to be 
omitt^ altogether; since tbe polar longitude of the asterism, which is 

S 'ven, coiresponda in character with the ayana gruha, or longitude of 
e planet as affected by ecliptic deviation, which must be ascertained 
by tae cyanadrkkttrtnan. The commentary notices the omission, bat 
offers neither espUnation nor excuse for it The other essential modifi- 
. eation—thftt, the asterism being fixed, the motion of the planet alone ia 


S 
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. (Vastsdistanlra etc.. 2r Theil, no. 284-287). In the third of the verses, however, 

« puliiig of the published test, peri, "moon,’* would neem decidedly preferable to 
."descending nod^: sinoe the node, being always. n pe s ss sr fly in the ecliptic 
IWeoina into sdlliBion with Hohi^fs win: ' 




to be xyM ^ divieor in detennining the plae« and time '< 
ti»n—ie duly noticed. 

.The injim^mciea in the Hindu procem for detennining 
gitadee|f'which, as above noticed, are kept within boondiij'Wh^ the 
pi|p>eta alope are concerned, by the small amount of their lelifeBidBe^' 
^ would be liable in the case of many of the astcrisms to lead to grad er* 
nm of result. ■ 



10. Of the .two Phalgunis, the two Bhadrapadas, and liketwiso. 
the two Ashadhds, of Vi(;ukhS, Agvinf, and Mrgagtndia 
the junction-star {yogaUir^ is stated to be the norlhol^ 

17. That which is the western northern star, beiqg tb^,< 
'situated westward, that is the junction-star of Hasta; 

•vi^thfi it is the western: 

1|^ Of Jyeshtha, ^Vavana, Anurudha (maiVm), and Pushytt'; 
Qidrhaspatya)^ it is the middle star: of BharaMi, Krttikil {dgneya^^. 
and Magha (;n7r7/«b and likewise of Jievati, it is the southern: 

19. Of Rohini, Puiiarvasu and Miila, it is the eastmn^'' 

and so al^of Ac;lcsha (Af^-jja): in ihc ease of each of the othefl^ 
the juncliOT-Blar {yogaldrahj) is the great {sthCda) one. ■ 

Wc have IukI oci'asinii iilio\o, in irr-ating of Ihr idcftification 
astcrinns, to ([iic-tion tin; at'ciinii'v of sniiio of tlii'si^ •l('!;ignationa^il^ 
relative position of the ji!iietinn-st:irs in llie groups containing ■them., 
Wti do not regarrl the passiirre as having tlie suiiic authenticity and 
authority witli titut in «tlic ilctcnninalions lif the polar longHndea 
and latitudes are given; and indind, ut> arc inclined to suspect uiat all 
which follows the lil'tuciith verso in the chapter may he a later addition 
to its original content. It is dillh-nlt to see otherwise wliy the states 
ments given in verses ‘2U iiinl 21 of the pnsitions of cc'iiaiii stars should 
be separated from tlinhc piV'i‘iitr-i| above, in versv.o LO-12. A designa¬ 
tion of the relative position of the jiiiietion-.'tnr in each group ought also 
properly to be connoclcd witli a <letiiiiticii of the iiunibcr of stars com¬ 
posing eacli, and a description f>f its euidigiiration—such as are presented 
along with it by other treatises, ns the t,''u£alya-S:iiiliit&, The first is even 
in some points ainbigiioiiH iiiilo.<s nccorii|iairK.‘d hy the others, since there 
are cases in wliiidi the same star has a diderciii position in its asterism 
'■/'iccordiiig as the latter is ti> he I'cgarded ns iiicUuiing a less or a greater 
anihbcr of stars. In this respect also, then, the passage looks like a dis¬ 
connected fragment. Nor Ls the method of designation so clear and 
systematic as to inspiiv. ii.s with eonfitleiicc in its acuurac}'. Upon a 
consideration of the whole series of asteristns, it is ahvioos th^ the 
. brightest member of oncii group is generally scleced as its jnnctiotfHrtaz'. 
-Hence wc should expect to find a general rule to that effect laid- down, 
and then the exceptions to it specially noted, together with the canes in 
which such a designation would be equivocal. Instead of this, we.ljAve 
the jii.-iction-stars of only two ustcrisins containing more thanlone star, 
namely Abhijit and Qatabhisliaj, described by their 'supieinor brniiniicy, 
while that of the former is not less capable of being pNoinM <mt by its 
position than ore any of the others in the seriesL .^gsin,.there me 



J^tya-Siddhdnifif 


;; [viK. 


. in which it n questionable which star is meant to Im pointed out in 
group of which the cnnstitntioh is not doubtful, owing to the very near 
conespondence of more than one star with the position as defined. And 
once mote; where, in a single instniieo, a special cjETort has apparently * 
been made to fix the position of tint junction'Star beyond all doubt or 
cavil, the result is a failure; for it still I'einaiiis a matter of disputo how 
the description is to be understood, and whioli member of tlie group is 
intended. The cjise rofern^d to is tiiat of }Iastn, which occupies nearly 
all of verso 11'. That Coiebrooke was not satisfied as to the mcaiiing of 
the description is clear from the fact that he specifics, ns ilie star I'cferred 
to, or 0 (^nd." Ilis translation of the verse, “ 2nd W. of Ist N.W.”i 
conveys to us uo intelligible iMcaiiiiig whatever, as applied to the aqtual 
group, lie cridcntlv-niidcrsloodyjojrc/mo^/arra/ffrdyd as a single word, 
standing by uiiphony for -Utrnyits, ablative of -t&rH. Our own render* 
ing supposes it divided into the two iiulcpcfidciit words pa^fi^ta- 
ratdrd yd, or the tlircc pa^iniA uHamtarA ya. This interpretationin 
'i-^tho first place, supported by the corrcspoiiding passage in the (^kalyas 
‘Sanhith, which reads, *'(if llasta. tlic iKirlh'Wcstcrii (edyav/): it is also 
the second w'cstcrn.'’ Again, it applies without dilKculty tojme of the 

S I in tlie group, namely to which we think most liklpto be tlie 
pointed out—and mainly, liccaiiM' cither of the others woidd admit 
of being more siftply and brielly dc.signaied, d the northerhi § as Uic 
^ijttstem, a as the southern, ami t a>s tin* western star. IVu should, then, 
'T^puri the description as iiii!tiiil>igiiiiiis. were it not for wlitit is fiurthcr 
added, “ being the second sitpat* <1 westward fi>r y is the first or most 
westerly of the five in longitmlc, and tin: third in right ascension, while 
the second in'longit'.idc and in right ascriisioii icspcctively are the two 
&ini stars n and «■ We confesa th:it we do not see how the diflieulty is 
to be solved Avithout some eniciidalion of the text. 


We conceive ourselves to hn jiislificd, tluMi, in rcgaidiiig tliis ])ns8itge 
as of doubtful aiitlicnticity uinl inferior authonty: as already partaking, 
in shorty of that ignorance ami c:-Lri‘Ii'Ssn( <- whieh lias ixoidcred the 
Hindu astronomers unable, at any time iliiiiiig ilie p'ist thousand years, 
to point out in the heavens the complet-i' series of the groups of stars 
composing their s}>tcm of uslerisins. None nf the other authorities 
accessible to us gii'cs a description of the reiaLi\c jdaccs of the junction- 
stars, excepting the (j^alndya-Sanhita, ami ovir manuscript of its text is 
BO defective and corrupt at this pinnl that wo are nldo to derive from it, 
with eunfidenue the ])ositions of only uhoiil- a third of the stars. ' So 
far, it accords with the S(iryu-Siddhuijt:i, saw that it points out us the 
junction-star of PurA'a-Asli&dhit the hrighte.st, instead of the northern¬ 
most, member of the group; iuirl here tln-rc is a difference in the mode of 
designation only, and not a diNagrec-mciit as regards the star designated. 


20. Situated five degrees eastward from Brabmahrdaya is Pra- 
jfipatl: it is at the end of Taurus, and thirty-eight degrees north. 

21. Apfimvatsa is five degrees north irom Citrd: somewhat 
greater than as also six degrees to-the north of it, Apas. 

The three starA whose positions are defined in this passage arc nut 
mt^jhiusd in the ^&kulyar8aDLit&, nor in the Siddhhuta-^iromani and 
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(ftccordmg tojColebrookc) the BrfthmarSiddhknto r onljr thd latter of 
them, Apaa, is omitted by the Gralm-Laghava, being ii^ced in the 
ShryarSiddh&nta alone. Jt may fairly be questioned, for raMjeason re- 
matKcd above, whether the original text of our treatise itselffcontained 
the last two verses of this chapter: inni'covcr, at the* end of- thC! next 
chapter (ix. 18), where tliose stars ni'ii spoke.n of which never set hcii* 
acally, on account of their high northurn situation, Prnj&pati is 
mentioned among them, as it ought to he, if its position had been ||b- -w' 
vbusly stated in the. treutisc. Still farther on (xiii. 9), in the rlescrip- 
tion ejUthe arniilliirv sphen*, it is referrni to liy the name of Brahma* 
which, TCCortling to tlie coininentar) on this passage, and tOkjDolebrooke, 
it. also ciistoinarily bcarsi. Perhaps nnothor evi<l'.'nce of the nnauthen- 
tlcAy of tliu pa.ssago is to be seen in tlie fact that the two defiziitiona of * 
the polar longitinle of Prajupati do not, if taken in connection with veraO 
11, appear to agree with oin: nnother: a star which is Ty^ cast from the 

E osiilon of nrahiiialiT<laya, as there stated, is not “ at the end of Tanma,” 
hi at its tweiity-severitli degree : ihis may, liowcver, be merely an inac^' 
cund^e exprt^ssiiiii, intended to mean liiat file star is in the latter part, or 
near the end, of Taurus. 'I'lic (b'nl>a-I..i'ii;1iav.-i, wliieli defines the' posi¬ 
tions,of all^ese stars tlirecily, by deirrees 4)f polar longitude and lati- 
t'ml^’and not by reli'i'eiiee (dtiier to the ^itjus or U> otiii'r stars, gives fn- 
j&pati fll* of ])ol}ir kmgitii'le, nr .'i® more than it a«-siirn('d to Brahiuahty 
daya: it also adds 1® to the polar latilinle as stated in our text. Thtii 
st-ar referred to can hardly be any otlier than that in the head'of the' " 
Wagoner, or 3 Anrigse (i) : 

Prajupati .... ii-° n' . . . . 3C* 4?'If. 
i Auri^:it .... (iy®'li' .... .le® 49'If- 

The errar of latitude is about the same with that whieh was commits 
ted with reference to Itralimalirtlaya, or f'ajM-lla. Why so faint and in- 
conspiciiou.s a star .should be foiiml among the. few of whieh the Hindu ^ . 
astronomers have taken partienlar notice i- not easy to discover. 

The position of the star iiame«l .\painvalsa, “ Waters’ Child,” is dc- 
Kribed in Qur text by rcferelll^3 to t.'itra, or Spiea Virgiiiis : it is said to 
bo in the same longitude, 180 ®, ami 5** fanlier north; and this, sinoo 
Citr& itself is in hit. 2® S., would innki* the latitude of Apamvatsa S® N. 
The Graha-Laghava gives it this latiiinle directly, and also m.akes its lon¬ 
gitude agree with that of Spiea, whieh, ns already noticed, it places at 
.the distance of 183° from the origin of the sphere. Apas, “ Waters" 
^ihe commentary, however, treats the word ns a singular masculine, Apa), 

'is put 6° nortJi of Ap&rnv:itsn, or in hit. 0® N. It is identified by Cole- 
brooke witli d Virginis (3), ami doublloss correctly : 

Ajwa.176® 23 ' .... 8® 


i5' N. 


S Virginis 


171® a8' 


8® W N. 


Colebrooke pronounces Apamvatsa to comprise “ the nebulous 
marked b 1, 2, 3” in Virgo. ■ Wo can find, liowcvcr, no such stars upon 
any map, dr in any c.*ita]oguc, accessible to us, and hence presume ^lat 
Colebrooke must have been misled here by some error '6f the authdiity 
on which he relied. There is, 011 the other hand, a star* ^ Virginis j[4), 





dtreeily between Spica and d, and at racb a distanca frau 
' jli^owB almwt bc 3 'ond question that it is the star intended: 

'^Apftmvatiai .... 178*48' .... a® 4 SMf. 


& Viisinbi 


178® la' 


I® 4 S'ir. 


s“* - 
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It iifinot less diflicult in this thnii in the fornier case to accounts 
selection of these stars, niuoiig the hundreds equalling or excelling tbein 
it^riiliancY, as objects of special attention to tliu astronoinical ot^^eia 
W^ciciit India. Perhaps we have here only the scattered and 
^neot^l fragments of a more complete .niid shapely system of stellaivf^;^ 
tronbmy, which flourished in India before the scientitic recoiistri^ii^,*n.| 
the lliiidu ailronomy transferred the fielH of labor of the astronomer^ 
from the skies to his text-books and liis tobies of ealeulation. - 

The annexed tabic gives a eomparalivc view of the position! of vUie ^ 
seyen stara spoken of in this ami' a })reoe<liiig passage (vv. 10>lj2)M-' 
defined by our text and as dcterinined by modern itlisen’ers : ■ 

Positions of certain Fixed Stars. 



Hindu position: 
Ions. 


lot. 


Trill! position; I 

long. ' IsL I 


(JO 080 o K. 
o o 8.1 76 j’J. 39 fij s. 


O I C I j 

m 4 7‘j 5(18.; B A 

R-i 7 39 33HiuCnnw 
.'i' 7 liJ .3a' S aa N.'d Tauri. 


.'t J.'- 


BnU»nahrdaya,i 5 a o .3o oN.' (Vi 3978 53 N.' (ii 5i<aa 5 a V. a Anrigic,Capella. 

Prsjfi|Hiti, 57 o '38 oX.j '17 II 36 .49 N. 695430 49N.t8 Anrigic. 

AptiInTatsa, '180 o j 1 i)\.;i-8 48; a 45N. i7Kia. 1 45 N.!:^ Virginis. ^ 

A|MS^ -^iBo o , 9 a3, K i5.N. ni 78 8 38 N.|8 Viiginis. 


The gross errors in the. determinations of po.titiun of tliese. stars give 
us a yet lower idea of the r-harn>'ter of Iliinlu oii.sei'vutions tlianr we 
derived from onr exaiiimation of tin* ji!iiction-<.tars of the .-isterisms. 

*' The essay of Culubrooku in tlio ninth volume of the iVsialic Re- 
seapdief^ to wliich we have already so ofti:ii referred, '^ives farther infer* 
mation of roucli intere.st re.specting such iiialtcrH coiiiiRcted with the Himlii 
astronomy of the fixed stors as arc p;i.ssed witiu iii uolicu in our treatiBe«, ■ 
]ps.^tes the rules laid down 1>y diticrent aetiioritios tor calculating tho^f 
heliacal rising of Aga^tja. or Canopus, upon whicli depends thjs. 
performance of certain religious eercnionic-s. I In also presents a vicnr. of 
the Hindu doctrine of the Seven S.iges, or >\s/iis, hy which name..^j|hral. 
known the bright store in Ursa Major forming the well-known constoU^ii'' 
tionof the Wain, or Dipper. To thc.se .stars the ancient, ostroiioinera :«•- 
Indiii, and many of the modem upon their authority, hav# attributed tl^\ 
independent motion about the pole of the heavens, at the rate of 8' yearljt^'.! 
or of a ooinplcto revolution in 2700 years. The 8firya-Siddh&nta alludOi^ 
' in a later passage (xiii. 0) to the Sevan Sages, but it evidently is'.to be 
(.*lind|mtooii as rejecting the thhory of their proper motion, which is also 
' by the Siddbanta-^iiomani. That so absurd a dogma should . 

'^|U»'‘*8te^; and gained a general currency inTiidia, and that it should 
stilwlhaintain itfielf in many of the astronomical text-books, is, however, 
and significant a circurastanqeto bn left out of sight in esti- 
**"gfhl''**** nbaiactor cA the ancient and li^y^l^ndu- astronomy. 
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CHAPTER IX. 

OF HELIACAL BISINGS AND SETTINGS. 

* 


Oo3rrB!m^~l, ■iibjectof the chapter; 2-3, under vrhat drcumstances, and at ivUeli 
borifOD, the planets rise ant] set heliacally; 4-S, metliod of calculating (heir <fis< • 
'^toneea in oblique aaccnsiun rrom the sun; 6-y. distances from the sun at 
y.'. thti^uappear and rc-appear; 10-11, liow to find the time of heliacal-setting or 
past or to come; 12-13, distances from the sun at urhich the asterismajiRid^^ 
stars disappear and re-appear; 10-lY, modb of determining their times of 
!^'>)vQg and setting; 18, irliat asterisms and stiira never set heliacally.' 

f'V" 

‘1. How-is set forth the Icnowledge of the risings (udaya) and 
Beltings {astaraaya) of tlic heavenly bodies of inferior brlllianc/i 
whose orbs arc ovcrwhelinefl by ruys of the sun. 

•f 

The terma iiseil Ibr the «!‘ttings and rihiiigs of Uic heavenly 

bo^Sf or their diMippcHraiioc in tliosiiiiV neiglihorhood and their rejmrn 
toillibility, an! {irc'-isely tlic- saiiio with tli<)>u c’lnpl^iyud to de^te Qieir 
risine^'u/ayo) ami aettini; astamat/a, mlumand) above bblcflfe 
th0.;lli0riaoii. The title uf the ehaptcr, aduydatailhiMra, ia literal^ 
trapelated ih our heading. ¥' 

2. Jupiter, ^ifais, ami Saturn, when their longitude is greatCT^ 
than that of the smi, pn to their setliiig in the wc.st; when'it is 
less, to their rising in i.lio cast: .so likewise Venus and Mercurjr^^ 
when retrograding. 

8. Tlie moon, Mercury, and ^^:nus, having a swifter motion, 
go to their setting in tin- oast when of loss longitude than the 
sun; when of greator, to their lisiiig in tlie wc.-^t. 

These specilientioiis are of obvious nieiiniiig ami evident correctness. 
'Hie planets wliii'b have :i sluwer uiotiiiii lliuii the sun, and !!0 are ov(^ 
taken by him, make their last appenram-e in the west, after sunset, and 
..ttupei'ge again into visihility in the ca-^t, hcdei-e sunrise : uf those which 
move mure rapidly than the sun, the cmitrary is true: Venus and Mvi^i 
enry belong to cither class, according as their apparent motion is rctic^'-' 
grade or direct 

-r^A^i^GalQulate the longitudc-s of the sun and of. the planet—in 
^west, for the time uf sunset; in the east, for that of sunrise— 
and..tlien make also the calculation of appai'cnt longitude {drkkar- 
miin) of the planet. 

^^vl^/rhen the ascensional equivalent, iu rest‘rations, of the in- 
i^Tval l^tween the two {UtgndntaranrdmH) will give, when divid* 
^ed by sixty, the degrees of time {kdldncds ); or, in the west, 
!^aaconsiona1 equivalent, in respirations, of the interval betwqni 
the two when increased each by si-x signa ^ 

.Whether a planet will or.wi8 not ho visible in the west after annset, 
qr in the east b^re snniif^ in this treatise made to .depend ^soh ly 
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tion of the two bodi^ and the dietanee apd direction of the panit 
tlie ecliptic—which varioiisly modify thmimit of visibility as thda . 
defined. Tlie ascertainment of the distance in oblique ascension, then, .■ 
is the object of the rales given in these venes. In explatning. tli# 
method of the process, we will consider first the case of a calduatUiii 
made for the eastern horizon. The time of sunrise having been detai^ ■ 
mined, the tme lengitudes yd rates of motion of the sun and theffianek' 
in question «re found fur that moment, os also the latitude of the planne r 
Owing to the latter's removal in latitude from the ecliptic, it wdl nd ' 
pass wc horizon at the same moment with the point of the eeltpUo 
which determines its longitude, and the point with which it doM actOr 
ally rise must be fonml br a separate process. Tliis is ancoroplished 
by calculating the apparent longitude of the planet, according io the 
method taught in the scvcutli chapter. There is nothing in the hm- 
. |pume cf the text which indicates that the calculation is not to be 
10 mil, as there prescribed, and for the given moment of sunrise: ||^ 
podduct^, however, it would evidently yield an erroneons result jTror, 
'tie planet being above the horizon, the point of the ecliptic to which 
itjs then referred by a circle tlirongh the north and south points of the 
horizon is not the one to which it nils i-eferred by the horizon itself at 
■ Ae moment of its own riftins- The coniiucntary removes tliis diflficnlly, 
by effecifying that the nkmativk-karnian, or tLit pait of the process 
whicn gives the correction for liititiule, is to be performed “only as 
taught in the first hulf-vcrse''—that is, according to the former part of 
v'ii. B, which contains the rule fur detennining the nmount of the correc¬ 
tion at the horizon—omitting the afl(‘r process, by which its value ia 
made to correspond to the altitude of tJic planet at the given tima. 
Having thus ascertained the points of the ecliptic which rise with the 
■an and witli the planet respectively, the corresponding equatorial inteir- 
or the distance of the planets in obliipie aseetision, is found by 1 
Tofe already given (iii. 50). The result is expressed in respirations of 

K ercal time, which are equivalent to ininutcs of the equator (sec abovp^ 
1-12); they arc reil'iced to degrees b) dividing by sixty; and thu 
^rees ^us found receive the technical name of “time-degrees** 
({d/dnydv, kAlabhiLfi&»)\ they are also called below “degrees of setting** 
(affdnyds), and “degrees of visibility” (i/ryydnffor), ■ 

If planet filr which the calculation is made lias greater lon^fcim '■ 
than the sun, die process, bciog adapttil to the time of aunset, and to m 
western horizon, requires a slight modification, owing to the fact that^ •. 
equivalents of the signs in oblique ascension (iii. 42-45) are given only 
as measured at the eastern liorizon. £iinee 180 degrees of the ecliptin ^ 
are always above the horizon, any given point of tlie ecliptic wUI set at; 
tlni. same moment that another 180* distant from it rises; by addijt|L ''.f 
tlvm, six signs to the calculated positions of the sun and the planet, anti ' 
asc^talning, by iii 60, the ascensional difference of the iwo points 

the mterval between thf eettiitt pf th* vm nnd .tiuit gf me '' 
determined, • 


M to npUun how^ ftoio tlie rtMift tiMi olbCitiMdy fK« 
ttiM ot u* plftii6t*8 dlimppeu^nce or re-appeAmnee maf ba duiwdt tba 
tafet ddftiwa tha diatances flrom tlie aon, in croliqiie aaoentkm Mr '*degtaea 
af timai** at which each planet is viable. 

0. Tha da ;reea of setting (astdn^) are, for Jupiter, elavan; 
Ihr Saturn, nneen; for Mara, moreover, they are aeventaen: 

4 7* Of Venus, the setting in the west and the rising in lihea^ 
take plane, by reason of her greatness, at eight degrees; the 
netting in the east and the rising in the west occur, owing to her 
ipiBrior size, at ten degrees : 

8. So also Mercury makes his setting and rising at a distant 
froih the sun of twelve or foiirWn degrees, according as he it 
retrograding or rapidly advancing. 

9. At distances, in degrees of time (kdlahMgds)^ greater than 
these, the planets become visible to men; at less dUtances they 
become invisible, their forms being swallowed up (grasla) by the 
brightness of the snn. 

The utooii, it will be noticed, is omittpil licre: her heliacal riang and 
settinfr are treated of at the bc{;iiiniiiir of the next follon ing'chapter. ' 

In%o case of Mer^'iiiy and Vcmis, the limit nf iiaibility is at agreater 
or less distance fmin the sun ai'cordiii!> .i<i the planet is approaching its 
inferior or niipenor conjunt tion, tlic diiiiiniitnMi of the illuminated poy- 
tion of the disk being more tbaii com])eusate(l by tlie enlargement of 
the disk itself when seen bo iiiikIi iieaiii to tlic earth. 

Ptolemy treats in the la^t tliiee ehaptirs (mu. T-U) of his work, of 
the disappearance ainl re ippearaiici ot the ])1anet<) in the neighborhood 
of the sun, and dilines the limits of Msil>ilit\ of cadi planet when in 
the sign Cancer, ur whcie tlie cifiiator .iml eci.ptic are nearly parallel. 
Hh limits arc eousiderably ditfcieiit troni those cletiiiod in our text, being, 
ibr Saturn, 14**, lor Jupiter, l:i'‘ 4.i'; tor Mars 14" :)U'; for Venue aim 
Mercury, in the west, 5" 40 ' and 11'* 3u' respecUiely. ^ 

10. The difference, in minutes, betwreen tlic numbers thus stap 
ted and the planet's degrees of time (/.dlant/h), when divided 
the difference of daily motions—or, if the jilaiiet be rctrogradi4|^ 
by the sum of daily motions—gives a result which is the time, in 
days etc. 

11. The daily motions, multiplied by the corresponding ascen- 
lional equivalents (taUagndsaras), and dn ided by eighteen ban* 
dred, give the daily motions in time (kti/ag fti); by means of these 
is (band the distance, in days etc., of the tii le past or to eomei. 

Of these two verses, the second prcscrilies so e^ocntial a modification 
of the process taught in the first, that their arrangement m^bt tevft 
btan more properly reversed. If we have ascertained, by the preraRW 
ndea, the dutance of a planet in oblique ascension from the bus, jil^ if 
,ire know the distance in oblique ascension at which it will dbans^ or 
’Iwappeat, the interval between the given moment and that at wAha dis- 
ifpeuanct or M-appearaaea wU tue place may be taodily Iband by 
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V. ^vidittff % the rate of approach or aeparation of the two hodiee the 
' '^.'finace^etween their aotnal diatanco and that oS apparition and di»i^*''T 
; .lion: bat the divisor innat. of conno, be the rate of approadi in oblique -4 
asoensiou, and not in longitude. The former is derived from the latter 
by the following proportion: as a sign of the ecliptic, or 1800', is to its ; 
equivalent in oiiUqnc ascension, as found by iii. 42-45, so ia the arc of ‘ 
the ecliptic traversed hy each jdanct in a Jay to the equatorial cquiva-, 
lent of that arc. Tho daily rates uf nintion in oblique ascension tbna 
ascertaincil arc styled the “ tiinc-niotioiis” [k&lat/ati), as being commen* 
Buratc with the “ limc-dcgrccs” {Jk&ldnras). 


12. Sv&i, A gaptya, Mrgavyitdha, Citru, JveshthS, Funarvasu, 
Abliijit, and liniliniahrdiiya rise and aet at thirteen degrees. 

13. llasta, Q'ravansi. llie Plialgunfs, ^ravishlha, Kohi^f, and 
Magha liecouie visible at fourteen degrees; also Viqsikhd and 
Aqvini. 

14. Krttika, Aiinradiiri (mditra), and Muln, and likewise Aqle* 
sli& and Ardru (rttitdrarksha)^ arc seen at lillcen degrees; so, too, 
the pair of Ashadhiis. 

16. Bharoni, Fusliya. and Mrga»;irsha, owing to their faintness, 
afe seen at twcntY-oiie degrees; llio rest of the astcri.sms become 
-,Yisiblo and invisible at seventeen degrees. 

> . These .arc spucifientions r)f the ili>tiuiccs fi-diii the sun in olilicpie jM- 
tension (kdlAnfdx) at whii-h the ii>lt‘i-iMns, and those other of tlio fixed 
stars whose pdsitiniis were rlcliia.Ml in the |irei‘('iliii^ cliapfcr, make their 
heliacal risings and settings. I'he asterisins wc are dmihtless to regard 
as represcntcjl by their jniietion-stars {i/otfttturri). Tlio clit<iKification 
bore uiadc of the stai^ in questidn, aecoiiiing tn their comparative mag¬ 
nitude and hrilliuncy, is in many points a very strange and iiiiaccoiint- 
ahle one, and by no means cali-nlatcd to give ns a higli idea of tlie 
intelligenuc and care of those by nlioni ii was ilrawii up. Tho first 
class, comprising such as are vi^illlc at a distanei* of frnm the sun, 

« (ieed, ahiiust n holly eoiiiposeii of stars of the first niiignitudc; one, 
Punurvasii (■? tieiiiiiioriini), being of tin* (iist tn seeotnl. and hav>> 
or its fellow one df tlic first (« (i(‘>.i>iudrimi). Jhit tlic second 
that of the stars visible at l -i’*, also eomains fdur whieh arc of the 
niagnitiule, <ir the first to soeoml; nann-ly, .Mdcburnii (Uohini), 
Uegnlns (Magha), Deneb or ^ Leonis (Fttani-l'lialguiii), and Atair or 
a Aqiiilie (^Vnvana); and, along with these, one of the second to third 
magnitude, d Tx^onis (Ptirva I’lialguiii), thrae of the thirrl, and one, 

• Libra (Vii;ftkh&), of tho fourth. In tliis last ciisc, however, it might 
^^.be possible to regard « Libr;e, of the second niagaitnde,' us the star 
iihich is made to detenninc the visibility uf the asterism. Among 
'.the stars o^thc third class, again, whieh arc visible at 15°, is one, 
a Oriouis (Ardrk), which, though a variable star, does not fall below 
the first to second magnitude; while witli it arc found ranked six stars 
of ^ tliird magnitude, or of the thinl to fourtli. The class of those 
■wh^are visible at 17°, and which are left unspecified, contains two 
' the fourth magnitude, but also two of tlie second, one of whudi, 
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Aadromedto or j' Pe^mi (Uttart^BbAdrapadlt), ia metttioiied balbair 
;(r. 18) among those which arc never obscnred by the too near approach', 
i .of the anil. The stars forming the class which are not to be seen ' 
within 21 " of tlie sun arc all of the fourth magnitude, but they are no 
less distiuctly nsiblo than two of those in the preceding class; and in¬ 
deed, Bharanl is palpably more so, since it contains a star of the third 
magnitude, which is perhaps (sec abtwe) to bo reganlcd as its jnnetiOi^ 
stor. Since Agiii, Hmliina, Apiiinvatsa, ntid Apas arc not specially ni^-- 
tioned, it is to bo assumed that they all liolong in the class of tbbiui 
visible at 17 ®, and they arc hi> treated by ihn commentator: the firsfc'of; 
them (8 Taiiri) is a star of tlic sccftiid iTiiigiiitiide; fur the rest, sco tlm. 
last note to the prccoditig chapter. ' 

Some of the nppai'ciit aiioinnlios of this t-Iassification are mitigated Of- 
'removed by making due allowance for the various oircumstances by. 
which, apart from its absolute brilliancy, the visibility of a star in tha 
sun's neighborhood is favored or the contrary—such as its distance and 
. direction from the e(|uator and cl■li]>til■. and the part of the ecliptic iuj 
which the sun is Mtiiatcd during its (1i.'‘np]icaranru. Many of them,' 
however, do not :uhnit of such explanation, and wc cannot av<^ regsrd- 
ing.thc whole scheiiic of c1ns.sitii-:itioii a.s one not founded % car^jiil 
and long-coiitiiined uhservation, hut hastily ami nuighly'drawn upivin 
tho beginning, ami perhaps oorruptod later by iinintelligeut imitator|i 
and co])yisfs. ^ 

16. Tlic degrees of visibillly- i f multiplied bj 

eighteen hundivd and di\'idc«l by the corri'spondiiig a.scensional 
equivalent (iuift>/>hiivas), give, as a re.«nil, the corresponding de¬ 
grees on the ecliptic (/r.'//^//7b«y/o.); by means of them, likewise, 
the time of visibility and of invisibility may' be ascertained- 

This verso belongs, in the natui'al ordiT <»f sonuencc, not after the pas¬ 
sage ne.\t prooediiig, willi whii-li it has no special councetioii. but after 
verse 11. Instead of r('diicing, u.-- taught in that verso, the motions op- 
on the eel iptio to motions in ohlitpic asccii.sion, the degrees of time'' 
(^kdlanfUs) may tlioin.-olvos ho reduced to their eijuivalont upon the 
'' responding ]airt of tlic o'diptic, and tlien the time of disappearanc 
of re-Hpju'nranee cnlculateil as before, using as a divisor the sum 
fercnce of daily inolioiss along the celiptie. The ]>roportion hy 
thereduetion is made is the-converse of,that hefurc given; namely, m 
the aaconsiomd erinivaleiit of the sign in which arc the sun and the 
planet is to that .sign itst’lf. or ISOO', so arc the “tlegrees of visibility'' 
(drfydnydff, or of the phiiiot to the rijtiivalent distance upon 

that part of the eeliptic in which it is then situated. The technici^ 
name given to the result of the proportion is ks 'etrdnfds: tshefra 
erally “field, territory.” and the meaning of the compound may be mhi 
paraphrased: “ the limit of visibility, in degrees, measured npo^! that 
part of the celiptie. which is, at the time, the territory occupied tli( 
placets in question, or their proper sphere.” 

17. Their rising takes place in the east, and their setting ir 
, the west; the calonlation of their apparent longitude {Mkarman 
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according to previous tales: tho sseertaiiDaiei^t idj^; 
in days etc., is always by tbe daily motion of ibe m/' 
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7 ,. Ibis vane should follow immediately after vena 16, io-which it at» 

' laches itself in the closest manner. The dislocation of arrangement in : 
' the latter part of this chapter is quite striking, aud is calculated to Mig* - 
gent a suspicion of interpolations. ■ 

The directions given in the verso require no explanation : they am 
just such an adaptation of the processes already prescribed tp the case 
of the fixed stars as that made in verse 14 of the last chapter. . 

estnmentary points out again that the calculation of the correction £9t 
latitude {akahairkkammn) is to be made only for the horixon, or.11' 
stated in the first lialf-vcrse of the rule. 


18i Abhijit, Bralimalirdaya, Svdti, ^ravaaa (vdis^nava)^ 
viahtbfi (taisaua), and Uttara-Bhfidrapada {ahirbudJinya)^ owing td 
their northern situation, are not extinguished by tlie sun’s rays. 

It mai seem that it would have Iweii a more orderly procooding to 
omit the%ars here mentioiicil from the. specifications of verses 12^15 
above; but there is, at least, no inconsistency or inaccuracy iii the double 
.^.etatemoiit of the text, since some of the stars may never attain that dii> 
^i^Snce in oblique ascension from tiic sun wliicli is there pointed out as 
^-their limit of visibility. W ’c have not thought it worth the trouble to 

S I through with the calculations, aud a.srurt!iiii whether, according to 
e data and methods of this treatise, those six stars, and these alone, 
of those which the treatise notices, would never become invisible at 
UjjayinL It is evident, however, as lias already been noticed above 
(viii. 20-21), that the star called Brahma or Prajilpati (6 Anrigw) is not 
’^jnero taken into account, since it is 8** north of lirahmalirdaya, and cou- 
aeqnaptly can not become invisible where the latter does not. 


CHAPTER 

Ot THE KOON’S BIBIEG AND SETTING, AND OP THE ELETAITGir 

OP HER CUSPS. 


Oomnarrs :^1, of the heliacal rising aurl setting of the moon ; 2-5. bow to find the 
interval from sunaet to the wtts»g or rising of the moon; 6-8, method of detort 
mining the moon’s relative altitude and distance from tho sun at lUOMt; 9, to a» 
r ..iortain the measure of the illuminated part of her diek: 10-14, method of ddiB>- 
eating the moon'a appoamneo at sunset; 16, liow to make tba^same oaladatiaa 
and.delineation tor sunrise. 


The calealfttiou of the heliacal rising (udaya) and setting 
of the moon, too, is to be made by the rales already giveiu 
blVe d^rees^ distaiioe firoiii the sau she bisebmes Visible-jis 
orMpipible in the east. . 






time of the mopn*e diiaflpeeiv^. iit.tM^ei|^h|bot-^:^. 

.% >4nt or. of her eme^nce inio vwibjlity egeiii MTOod the^ 
yl^iwi^ Of nil reya, no new rules are required; the same methods being' 
i employed as wore made use of in ascertaining tlie time of heliacal set* 
ting and riung’of the other planets: they were stated in the preceding - 
chapter. The ^definition of the moon’s limit of visibility would bavO ' 
. been equallv in order in the other chapter, but is deferred to ^Ma.<|kl. 
order that the several processes in which Uie moon is concerned VMf’r 
be brought together. The title of the chapter, prngmnatyadkiMm^: 
** chapter of the elevation of the moon’s cusps’’ (ffn^ra, literally **bornt)ir 
pro^ly applies only to tliat part of it which follows the fifth verae.- 
The degrees spoken of in this verse are, of course, “ degrees of timc& 
{kUdnp&tjf or in oblique ascension. 


2. Add six signs to the longitudes of the sun and mooa re¬ 
spectively, aud find, as in former processes, the ascensional equitrT’ 
alent^ in respirations, of tlicir interval (laffjidnlardsavas): if tlui'. 
Bun and moon be in the same sign, ascertain their interval ia 
minutes. 


3. Multiply the daily motions of the sun and moon by the re- 

Bult^ in nu(|i3, and divide by si.vty; add to the longitude of each 
the correction fur its motion, thus found, and find anew theix in^ 
terval, in respirations; -4 

4. And so on, until the interval, in respirations, of the bub^ 
and moon is fixed: by so many respirations does the moon, in 
the light half-month {cuklu), go to her setting after the sun. 

6 . Add half a revolution to the sun's longitude, and calculate 


the corresponding interval, in respirations: by so many respira¬ 
tions does the moon,'in the dark half-month {krshnapaksna)^ come^ 
to her rising after sunset. * 


The question licre sought to be solvcil i% how long after sunset upon' 
any given day will take place the setting of the moon in the creseeut 
^ half-month, or from new; to full moon, and the rising of the moon in 
^.the waning hulf-inonth, or from full to new moon. Xlic general proctec^. 
' is the same w ith that taiiglit in the List chapter, for obtaining a 1%^^' 
result as regards tiic other plniiets or fixed .sUirs: wc ascertain, by ' 
rules of the seventh chapter—applying the correction for the latitude , 
according to its value at the horizon, as determined by the first part of 
viL 8 i—the point of the ecliptic wliieli sets with the moon; and then tbp 
distance in oblique ascension between this and tlie point at whbh tbt'. 
■an set will measure the required interval of time. An additional CM- 
rection, however, needs to be npplied to the res dt of tliia procese i^ ,t|lB 
caae of die moon, owing to her rapid motion, t nd her conKqiifinu^'., 
Ceptible change of place between the time of sunset aud that of 
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during the iotervai as fint determined, and adding its equivaleajt ixi 
liqua aiujension to that interval; then calculating her motum. faew for. 
.; the inoteased interval and adding its awiensioiuil equivaliab—pod bo ^ 
V oittil (ha deebed degree of aooaracy ia attained. 




' The* pTweM thaft explained, however, h not preeiaelr that-which U’'. 
■preBcribod in the text. We are there directed to calcnlate the.amonnt 
motion both of tlm sun and moon dnring the interval between the ' 
' 'irtiing of the sun and that of the moon, and, having applied them to, 
the longitudes of the two bodies, to take the aacensibnfu equivalent 6 f 
. the distance between them in longitude, as thus doubly corrected, fbr 
the precise time of the setting of the moon after sunset. In one'point- 
of view this is false and absurd; for when the sun has once passed the 
horixon, the interval to the setting of the moon will be affected only by 
her motion, and not at all bv his. In another lights the process docs not 
lack reason: the allowance for the sun's niution is eciiiivalcnt to a retlnc- 
^on of the interval li-oni sideroid {nAlvhotra) time to civil, or true solar 
\$Avana) time, or from respirntiuns which uro thirty-six-liundrctlis of the 
earth’s revolution on its axis to such as are like parts of the time from 
actual sunrise to actual siinrise. Ihit siu-h a iiioilc of measuring time ia 
unknown elsewhere in this treatise, whieh defines (i. 11 - 12 ) and employs 
sidereal time alone, ailding (ii. o!)) to the si.xlv nadis which* constitute a 
sidereal day so miieh sidereal time as is nceih-d to nmlco out the length 
of a day that is reckoned by any other inetlioil. it seems necessary, 
then, either to suppose a nntabli- lilnnder in this passage, or to recognize 
in it such a departure from the usual mctlioils of the ti-cnti.se ns would 
show it to be nii iiiter]ioIalion. I’rnliably the lufter is tlic alternative to 
':hechosen: it is, at any rate, liiat which tiie e.oiuuiciitatur prefers; he 
pronounces the two vi-i-scs beirinntpg witli the second half of verse 2 ^ 
and ending at the niiddli- of n-r-ie 4, to be spurions, and the. true text w. 
the Siddh^nta to compri.->c mily the first half of verse 2 s^d t^M 
of verse 4; tlie>c wouhl form together a verse cIosely^atialbgoos Ui'il|i 
'method and oxprec-sion with via-se 5 , whiclt teaches'thc Kke,jgflaped^^j^ 
moomrisc, in the waning half-month. Fortified by the anthozity'C^ni^ 
,^eouimentntor, we ai-e jiistilied in assuming th^ &e Sftrya-didj&^e^ 
'.'originally neglected, in its process for edeumting the.time of the 
. oetuDg, her motion during the interval between that time and 
and that the oinissiiou was Inter supplied by another hand; firpnat 
. other treatise, which reckoned by solar time iiisUsad o| .inda^^ 
dPes not, however, explain and account for tho Buqpnd half of ihsKaePo^l^ 
verse; which, If it has any iin-aning at ally difiVtrqnt; from tlial eop'veyra 
in the former part of tho same verse, seems tq.signii^.^attiihen tl;^;jMiti. 

. and moon arc so near one aiiotlier a-« to he In tin- same sign, the tfi.<woid- 
,ance between distances oil the eeliptio and tlicir cc|iiivalents upon the 
' 'senator may be neglected, and the difference of longiuidc in minutes 
taicen for the interval of time in respirations. 

If the time is between new and full iiioou', the object of the process is 
,tb obtain the interval from sunset to the setting of the moon; as both 
. tpke place at the western horizon, the two planets are transferred to the 
Mstorp horizon, in order to the ine:iKui-eine.nt of their distance in ascen- 
Hr, on the other hand, the moon has passed her full, tho time of 
irii»e is sought; here the sun alone is transferred, by tho addition of 
* to his longitude, to the eastern horizon, as taught in verso 0. Thw 
to be applied to the longitude of both planets is found by tha 
proportionr:—as sixty nhdls are to tho given interval in nkd^ eo - 



btlift Ime daily motion of the planet to iti actnid motionMuring^th^-CI 
tntcrral.. ’V 

' 6. Of the declinations of the sun. and moon, if their direction 
be the same, take the difference; in the contrary case, take the 
aiun : the corresponding sine is to be regarded as south or nort^ ’ 
according to the direction of the moon tram the sun. 

7. Multiply this by the hypothenusc of the moon's mid-dai^ \ 
shadow, and, when it is north, subtract it from the sine of latir r 
tnde (o^Aa) multiplied by twelve; when it is south, add it 
the same. ^ - 

*8. The result, divided by the sine of co-latitude (Zanifo), give» 
the base {bhuja), in its own direction; the gnomon is the perpeu* 
dicnlar ; the square root of the sum of llieir squares is the 
hypothenuse. 


In explaiiiiiig the motlioil of this proftcss, wo shall follow the ^lidance 
bf the ooiniiieiitator, pointing out aftorwaiiU whorcin he varies from 
the strict letter of the text: lor illu'«lr;iti»iii we refer to the accompany¬ 
ing figure (Fig. :i‘2). 

The figure represents the south-^ve^tevn (piarter of the vi>iule Npherc, • 
pj 3 ^, seen as pmjectcil npon the 

pliinc of till'ineridiuii; Z being, 
the zoiiitli, V the >uuth pointy 
W Y the intersection of the 
liorizonlal and meridian planes,. 
and W the projection of thc^ 
west point. Ijci / equal tha^ 
latitude of the place of ohaer- r 
vation, and let QT and QO.lHl..b 
the decliiintion.s of the sun a^'v 
iiioun respc'-tively, at thegiveai''.. 
time: then W<2, ST, and 5?O ' 
will be the proji'i-tions of the - 
equator and of the diurnal cir^ 
clcs of ilie sun ami moon. Sup- v 
pose, now, the sun to be ujmn * 
the horizon, at 8, and the moon , 
to have a C4)riain altitude, being at M: draw from M the perpendicular'. 
to the plane of the horizon M U and join MS: it is required to knout.; 
the relation to one another of the three siiies of the triangle SLM, {«■ ; 
order to the delineation of the moon’s iippeaiancu when at M, or at ^ 
moment of sunset 

Now M L is evidently the sine of the mooi.'s altitude at theg^ntn'- 
time, which may be found by methods already more than once desgaybad " 
and illustrated. And S L is composed of the two parts S N and 
which the fonner depends upon the distance of moon in decUipatiffi ^ 
from the aun, and the latter upon the moon’s altitude. But SN ia onta^. 
of the aidm of a right-angled triangle, in which the angle NSh js banal.; 
to the observar’a co-latitnde, and N 6 to the turn of ^.innp of deeliM^;; 
t taon of the sub. e& or W«, and that of the moen. ' Bouea 

aQ •- ' 
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it / naeoUt:nmof aiaeiof dML::B:Bir 

•IMl 8 Nbs(B X >WB of lisM of ded.)*^iin oe*liitk 

hi Ifte manner, aince, in the trianele M N1% the anglea at M and K 
an reipeetirelT equal to the obaerrer^ latitude and eo-latitudo, 

oiDHKL-nuLMN::ML.NL 
or un CO lat : nn lat . am alk . N L 

aad NL = (ain alt X b>o lat) — ain co lat 

We have thua fonnd tlic valuea of M L and tiie two parts of SL in 
terms o^Che general sphere, or of a circle whose radius is tabular radios: 
it is desired fiuther to reduce them to terms of a circle in which 
shall equal the gnomon, oi twehc digits And since the gnomon la 
equal to the sine of altitude in a circle of which the hypothenuse of the 
eorresponding shadow is radius (compare above, lii. 25-27 etc.), this re¬ 
duction may be effected by luiiltipl} ing the quantities in question by the 
hypothenuso of the shadow and di\iding by ladius. That is to say, rep- 
MtentiBg the reduced values of S N and N L by s n and n I respectivdy, 

R: hyp. ohsd M L fpiom 
' K hyp. ihad SX an 

R.byp ahad XL nl 

Substituting, now, in the second and thiid of these proporli(n|^he val¬ 
ues of S N and N L found foi them above, and substituting J|||A& the 
fhtrd the value of Uie hvpotheuuse of the shadow derhed Iroiffuffibst, 
we have 

« j R X sum sin decL , _ RXenoin sin alt Xsin 1st. , 

B;liyn.sliBd. ——--r-r— •», and B 


B;liyRsliBd. 
whkh reduce to 


SID eo Ut 


smalt 


smco-lat 


hyp shod X snm am ded, ain Ut X gnom 

MS M Atlu flu M 

BUI CO Ut IlD co-lat 

Hence, if the perpendicular M L be assumed of the coustant value of the 
gnomon, or twelve digits, we have 

gj^^ (hyp ahad X aum am dad )Hh ( ain lat X gii°” ) 


am CO lat 


la the cose thus £u* considered the sun and moon have been supposed 
upon oppqeite sides of the equator. If they are upon the same side, 
the sun setting at S', or if their sines of declination, 8'd and X e, are of 
the aeme direction, the value of S' X, the corresponding part of the 
base S' will found by tieatine in the same manner as before the 
difference of the sines, instead of their sum. In this case, too, the 
value of S's being north, S'X will have to be subtracted from NL to 
give the baee S' I* Other positions of the two lumineries with respect 
to OM another ere iuppoaeble, but those which we have taken are suffi- 
- qient to illuatrete ell ue conditions of the problem, and the method of 
te aolntion. 

• It ie evident that, in two points, the procese os thne explained by the 
rjHpjMUtetor is discordent with that which the text prescribes. The 
the 4rit pieces os to take, aot the tumor difference of the 



•Ibm of dfidinatioiii but tbe tine of the eani or difieranee of ■ 

II thi dde h If of i^e triangle S N 6. Thia leeiiit to be a mm inaoea' , 
lae^ on the part of the text, the difference between the two qnaaUdei, 
which could never be of any great amount, being negleeted: tk how* 
ever, yei^r hard to see why uio leu accurate of the two valnariona of tin 
quantitj in question should have been selected by the text; tor it ia^ if 
anything, rather leu euy of determination than the other. The other 
diacordance is one of much more magnitude and importance : the tex^ 
apealaof the ‘‘hypothennse of the moon's mid-day shadow” (mod^db* 
lumdifpra&bdbarna), for which the commentary substitutes tout of the 
shadow cast by the moon at the given moment of sunset. The com* 
mentator attempts to reconcile the diserepanev by saying that the text 
means here the moon’s shadow as calculated after the mewod of a noon* 
shadowy or again, that the time of sunset is, in effect, the middle of liis 
day, since the civil day is reckoned from sunrise to sunrise: but nritfaer 
of these explanations can be reganled as satisfactory. The comment** 
tor farther urges in support of his understanding the term, that sre 
are expreuly taught above (\ii. 11) that the calculation of appaxeut 
longitude {arkkarman) is to be made in the proceu for finding the ele¬ 
vation of the moon's cusps: while, if the hypothennse of the moon*a 
meridian-shadow be the one found, there arises no occasion for making 
that calcnlation. It seems clear that, unleu the commentator*! nndsr- 
atanding of the true scope and method of the whole proceu be errone¬ 
ous, the substitution ithicb he makes must necenuily he admitted. Hiit 
is a point to which we shall recur later. 

9. Tho number of minutes in the longitude of the moon 
minished by that of the sun prives, when divided W nine hun¬ 
dred, her illuminated part {nikla): this, multiplied thennin^' 
her of digits {angukt) of the moon’s disk, and divided bj twelve^ 
gives the same corrected {aphufn). 

The rule laid down in this veisc, fur determining the meunre el the 
illuniinated part of tlic moon, applies only to the time between new 
i^moon .*md full moon, when the moon is le^s than 180° from the sun: 
when her cveess of longitude is more than 180°, the rule is to be ap¬ 
plied as stated below, in verse 15. As the whole diameter of the moon 
IS illuminated when she is half a revolution from the sun, one hidf 
her diameter at a quarter of a revolution’s distance, and no part of it nl 
the time of conjunction, it is usiimcd that the illuminated portion of her 
diameter will vary as the part of 180° by which she is distant from Itbo 
sun; and hence that, assuming the mcuurc of the diameter cX hUf 
di^ to bo twelve digits, the number of di|pts ihiirainat> d may be fculMf 
by the following proportion: ns half a rovo ition, or 10,800^, 
twelve digits, so is the moon’s distance iirom the sun in minutes to tito 
Coiresponaing part of the diameter Oluminatod: the substitntioii^iR Qm; 
first ratio, of 000:1 for 10,800:12, gives the rule as stated in tta ClkC* 
Hero, it will be noticed, we liavo for tne first and only time thO OVedb 
toethod o( measuring the moon’s diameter, by equal tweUlb% or digHs: 
ftem this se^ a tortucr rednetion is made to tho pro^ aeaw^di 
detsnninod l^ tho methods of tho feorth ehiqitor ( i e u fi h OfO >‘lv. 9-3,1^ 
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W; another proTOrtion: as twelve is to the true diameter in digilif so it 
'W malt already found to the true meosare of the part of the diameter. 


. malt au^y found to the true mei 
■".fflominated. 

. .V' 'It is not to he wondered at that the' 


while tlie illnniniated portion of the inoonn sphenoat ininee vinuefrom 
the earth inrics very nearly ns her distahee firom the tun, llie appamt 
breadth of the bright part of her disk, in which that sar£m u pro¬ 
jected, must vary rather as the veised sine hw distance. 


10. Fix a point, calling it the sun: from fhat lay o£f the base, 
in its own jiroper direction; then the perpendicular, toward, the 
west; and also the hypothcnusc, passing through the ea^mity 
of the nerpendicular and the central point. 

11. From the point of intersection of the pcr]}endicular and 
the hypothenuse describe the moon’s disk, according to its di¬ 
mensions at the given time. Then, by mu.ans of the hypothe- 
nusc, first make a determination of directions; 


JL^m XiJiy'Oli it^rWIL blit* 11^ Uo«.'| lilyilil bllV? Wi. AbO~ 

**^interaection with the disk, in an inward direction, the measure of 
the illuminated part: between the limit of the illuminated part 
and the north and south points draw two fish-figures (matsya ); 

13. From the point of intersection of the lines passing through 
..^their midst describe an arc touching the three points: as the disk 

already drawn appear.«t, such is the moon u])on that day. 

14. After making a determination of directions by means of 
the perpendicular, point out the elevated (unnnla) cusp at the 
Q^^tremity of the cross-line: having made the perpendicular 
‘(bofi) to TO erect (tennoto), that is the appearance of the moon. 

,-'."'15. In the dark half-montli subtract the longitude of the snn 
V increased by six signs from that of the moon, and calculate, in 
^'^he same manner as bcforr| her dark part. In this case lay off 
: 'the bara in a revense direction, and the circle of the moon on the' 
west 


Having made the calculations prescribed in the preceding passages, 
we arc now to project their results, and to exhibit a representation of 
ftie moon as she will appear at the given time. The annexed figure 


first fix upon a point, as S, which shaU'represent the position of 
iae sun’s centre upon westeni horizon at the moment of sunset^ and 
!we determine, in the manner taught at the beginning of the third chap- 
^teiy the lines of carrlinal direction of which it is the centre. From &is 
we then lay off the base (bhuja) S according to its value in dig- 
as ascertained by the previous process, and northward or southward, 


live digits. This, being a line peipendienlar to the plane of 
may be regarded as having no proper (fireetion of its own 
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upon the inH^ of projection: bnt the teyt directo ne to 1&^ it- off wee^'' 

W^8. ward from L, apparently in order tlu^ % 

the observer, standing upon the east- 
em side of Ids base S L, and looking 
westward toward the setting enn, 
may have his figure duly before husL. 
The western extremity of the perpen* 
dicular, >f, represents the modn’e, 
place, and from that as a centre, and^ 
with a radius equal to the semi-diam* . 
eter of the moon in digits, as ascer- < 
tained by calculation for the given- 
moment, a circle is described, repre- - 
sentiiig tlic moon's disk. Next-wo ■ 
are to prolong the hypothenuse, 8 M, to e, and to draw, by the usual • 
means, the line t n at right angles to it: the directions upon the dude ' 
thus determined by the liypotlnMinsc, as the text phrases it, are called by 
the commentary ‘‘ moon-dirc<'tioiis'’ {candradi^as). The sun being atS, 
the illuminated hah' of the moon's circumference will be « wn, tlic ensps 
will bo at « .Hid n, :iii<l ip will bo llic extremity of the diameter of great¬ 
est illnmination. From ic, then, lay of!' upon the liypothenuse an amount, 
wx, equal to the measure in digits of the ilhiiniiiated part of the diam¬ 
eter, and tlirougli s, or, and 11 describe an an; of a circle, in the manner 
already more than once explained (see above, vi. 14-16) ; the creswnt 
s wnx will represent the amount and direction of the moon's illnnuna- 
ted part at the given time. Now we once more make a determination •. 
of directions iqion the disk accirding to the perpendicular LM; that ia, 
to say, wc prolong L M to c', .Hid tlraw s' n' at right anglsjito it: thc^’ 
directions thus cstahlisheil arc styled in the commentary “ sun^rections** 
(sAryadiyas), although without obvious propriety : they might rather be 
called “apparent directions” or “directions on the sphere," since ft' 
should represent a line piirnllel with the horizon, and ic'c' one perpendien- 
lar to it. The line x'n' is called in the text the “ cross-line” {iiryedks&tra), 
and whichever of the moon’s cusps is found upon that line is, we are told,jio 
be regarded as the elevated (nunato) cusp, the otlicr being the depres^ 
one (nata). 'Whenever there is any base {bhuja), as S }j, or wnenever 
the moon and sun arc not upon the same vertical line M L, there will 
take place, of course, a tilting of the moon’s disk, by which one of her 
cusps will be raised higher above the horizon than the other; the relar 
tive value of the- base to the perpendicular will determine the amount of 
the tilting, and of the dbficction of the points of direction nesw 
n'e's'w'; and the elevated cusp will always be that npon the sam^Mb' 
of the perpendicular 011 which the base lies. What is meant hpUm' 
latter half of verso 14 is not altogether clear. Tlic commentator explmns;.. 
it in quite a different manner from that in which we have translaiftff iyi'* 
he .understands Jbofi as' meaning in this instance “ ensp,” which 
cation it is by derivation well Mapted to boar, and does actnally receive '• 
although not in any other passage of this treatise: and he explains 
verb Jffvd, “having made,” hv dfiAtvd, “having seen”: the phr^- 
would then read “Mholding the elevated cusp,*’ We cannot 
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ilui explanation as a plausiUe one: to na the meaning seeml rather to 
that vrhereas, in the projection, the perpendicular (coif) LM b drawn 
a horizontal surface, we are, in judging of the projection as an actual 
representation of the moon’s position, to conoeive of that line as 
erected, set np perpendicularly. 

have thus far only supposed a case in which the calculations are 
. made for the moment of sunset, the sitnation of the moon being in the 
western hemisphere of the heavens. In the text, however, there is noth* 
ing whatever to limit or determine the time of calculation, and,it is evi¬ 
dent that the process of finding the base and perpondicnlar will be pre¬ 
cisely the same, if >S (Fig. 32) he taken upon the eastern horizoii, and 
the triangle S L M in the eastern hemisphere. The last verse supposes 
those to be the conditions of the problem, and lays down rules for de¬ 
termining in such a ease the amount of illumination, and for drawing the 
projection. As regards the measure of the, illuininateil part, we are to 
mUow the same general method as before, only substituting for the 
moon’s distance in longitude from the sun her distance, from the point 
of ofqtosition, and reganling the. result obtained as the measure of that 
[Mit of the diameter which is obscured “ black'*): since, during 

the waning half-month, darkness grows gradually over the moon's faco 
in the same manner as illumination had done during the crescent half¬ 
month. But why the base {hhvja) is now to be laid off in the opposite 
to its calculated direction, we find it very hard to see. The commenta¬ 
tor says it is because all the coiulitions'of the problem arc reversed by 
dm having to calculate and l.'i\ off the obscured, instead of the illuinina- 
:,',ie^ part of the moon's disk: but the force of this reason is not apparent. 

: The esta^iehment in the projection of a point representing tlie position 
of the sinjlB, in effect, the one eonditinn which .siiftioiently determines 
all the im: if we arc to make a projection corresponding to that 
' dmwn in illustration of the other ease, wc oiiglit, it .should seem, to 
draw the base in its true direction, and, stationing the observer upon the 
western side of it, looking eastward, to lay off the iiccpeiidic.ular away 
.fipom him, toward the east; and llictt to proceed ax before, only nicasnr- 
injg the obscured part of the (li.'iinet« r from ii.s '.cnioter extremity, in- 
' stead of from that next the sun. Tliis latte*' direction is regarded by 
the commentator as uetualiy eonvcyeil in Iho final clause of verse 15: he 
interprets **thc circle {imndala) of the nioon” ti.* mean the dark part of 
the moon’s disk, or that which is to be pointed out as inert'asing during 
tlic waning half-month, and “ on tl.c wc.«t'’ to mean on tlic western side 
of the complete disk, which is tiie side now turned away from the sun. 

' It seems to us exceedingly questionable whether the passage fairly admits 
of this interpretation, but wc have no other explanation of it to offer— 

' unless, indeed, it is to be looked upon as a virtual repetition of the for* 
mer direction to lay otf tlic perpendicular, which determines the posi- 
’/ jfibn of the moon's disk, towards the west. 

' We must confess that we feel less satisfied with our comprehension of 
scope and methods of this chapter tiiaii of any that precedes it. We 
disappointed at finding the result arrived at one of so iodefiifitea 
^‘^■mter, and of so little significahoe. whole laborious calculation 
, ,to be made simply for the sake of delineating the i^ppearanco of 
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iho moon at a given moment, and pointing oat vrliich of her two home 
has tho greater altitude. No determination la made of the amount of 
angular deflection, upon which any conaequences, meteorological, astro* < 
logical, or of any other character, could be founded; nor is any hint 
given of the way in which iho results of the process are to ho turned to 
account. Moreover, while the object aimed at seems thus to be mereljf 
a projection, a time is selected at which the moon is not ordinarily visi¬ 
ble, so that she can not be seen to exhibit an accordance with her deline¬ 
ated appearance! Once more, the whole process is an extremely &nlty 
one: it is, in fact, only when the moon is hei-self at the horizon that her 
visible disk can be regarded as in the same plane with lines parallel with 
and perpendicular to the horizon, or that e' w' and n' s' (Fig. 33) repre¬ 
sent actual directions upon licr face: anywhere else, the relations of Uie 
moon's disk at M in the first figure (Fig. :i2) and al M in the other 
ure (Fig. 33) arc so diflbrent that the latter rannot fairly represent the.^ 
former. It would seem, indeed, as if the inoiiicnt of the moon's owin' 
setting or rising were the one for vvhieh such :i calculation and projec¬ 
tion as this would liavc most significance: at that time, the disappear¬ 
ance or appearance of one of her horns befire the other would be such 
a phenomenon as might seem to a Hindu astronomer worth the trouble 
of delineating, as a decisive proof of tlic accuracy of his scientific 
knowledge. \Vc have not found it possible, liowever, to make the rules 
of the text apply to such a case, auil the coniincntary is explicit iu its 
definition of the time of the c.'ilculaiion, as sunset or sunrise alone, to 
the exclusion of any other iiioiiicnt. But the disconlance existing at 
more than one point in the chapter between tiie text and the commen-' 
tary suggests the cuiijeclure that the original design of the one and the 
traditional interpretation of it represented by the other may be at vari¬ 
ance, and we are not without suspicions that the text may hare been 
altered, so as not now fairly and .'iccurately to represent any one consiat- 
ent process. A better understanding of the general object of the caleu- 
lation and the use made of its results, and an acquaintance with the eo¬ 
lations of the problem presented by other astronomical treatises, might 
throw additional light upon these points; but we are not able at present 
fully to avail oarsclves of such assistance, nor is the importance of the 
subject such as to render incumbent upon us its fuller elucidation. 

- ■ - 

CHAPTER XI. 

OF CERTAIN MALIGNANT ASPECTS OF TilE SUN AND MOON. ^ 

f 

CoRTBim:—1-5, definition and description of the maligc int aspecU of the sw and 
moon, when of equal declination; 6-11, to find the longiinde of the iiiA’^ahd. 
moon when their deelinationa are equal; 12-13, to ascertain the correapondiog 
tioM ;,]i4-15, to detomine tlia daralion of the aspect, and the moment of its be- 
giiming and end ; 16-18, its eontinuance and its influences ; 19 , when such an aa- 
pootmaj occur more than once, or not at all; SO, occurrence of the yoga of like 
noma' and eharoetar; 21, of unluchy pointa in the circle of asteriama; 28, cantfam 
aa to these nnlncikyaapaeta and poiota; 25, introdiwtoiy to the following chapteca 
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1. When the sun and moon are upon the same sid^ of oil her 
solstice, and when, the sum of their longitudes being a circle, 
thej arc of equal declination, it is styled vdidkrta. 

2. When the moon and sun are upon opposite sides of either 
solstice, and their jiiinutes of declination are the same, it is 

"vyatipdta, the sum of their longitudes being a half-circle. 

3. Owing to the mingling of the nets of their equal rays, the 
fire arising from the wrath fulness of their ga/o, being driven on 
by the proveclor {pravahn), is originated unto the calamity of 
mortals. 

4. Since a fault (pd/u) at thi.s time often causes the destruction 
of mortals, it is known as Lyuitpdtcf, or, by a dificrence of title, 
vdidhrti. 

5. Being black, of iViglitfnI shape, bloody-eyed, big-bellied, the 
source of misfortune to all, it is produced again and tigaiii. 

Of all the I'hapters in tlif troatisf, tliis is tlie one wliii-li lias l«:isl in¬ 
terest and value. Il is styled puh'nJhiktira, “ eliapivr of tin* jiOlnif," and 
concerns itReir with giving a desi-ription of the nialigiiaiil i-liiii'ai'fi'r of 
the times when the sun and nii.ioii have eijual dudinatiou, u])iin the same 
or opposite si<h*R of the n|u:itor, and with laying down rulas hy whi'-h 
the time of oceurrenr-c of tiio-c maligiiani as]ii.-r1s may l>e ealenluteii. 
The latter part alone properly falls wiiliin tin' provinei- of an astronom¬ 
ical treatise like the preseni : the uther would i>etter have been left to 
works of a professedly asiroK>gieai i-hnracler. 'I'lie term pAta, applied to 
the aspects in question, meun-« litr-r.-dly “fall," and hence also either 
*'fault, tranf-grcssioii," or “e.-ilainit)We havi* (»fii,M met with it above, 
in tlie sense of *■ node of a jihmetV orbit"; as s.i n<e.l, ii was prob.'ddy first, 
ap^ied'to the moon's nodes, bei-.-iuse they were the ])oinis of danger in 
her revolution, near which the sun or herself was liable to tall into the 
-jaws of B&hu (<iee aiio\o, iv. (J); ami it. waxllieii tran-fe.ncd also, Uioiigli 
without the same reason, to tlic miili-^ of ilie iitlii-i' pl:iiiet>. As it is 
employcri in this uhapUr, we truiislal.* it >imply “ :is}M‘et." Why the 
time when the. !»iiii }in<i mo<iii are cijiiall} ili<-*ani from the equator should 
bo loolccd tqioii .'is so c.-j'i'i-ially iiiifortiiiiati- i.> not l a^y to di.scover, iiol- 
withst'indiiig the lucid exqilaiiatioii fiirnisln'd in ilic thiid verse. Fur the 
“provcctor" ( 7 »rar<{Aa), till' wiini w4ii' ii carries the phincts forward in 
their orbits, sec above, ii. .‘i. 'When the equal declinations are of u]ipo- 
site direction, the aspect im denoiiiiiiated t'Aidkrta, or vAidhrii. Tili^ 
word is a secondary derivative from vidhrll, “ Jmlding apart, withhold¬ 
ing,’' or from vidhrta: it lias been noted above (under ii. Uo) as the 
name of the l.'ist yoya ; and its use here is not discordant M’ith that, 
since the twenty-seventh yoga also occui's when the sum of the longi¬ 
tudes of the sun and moon is 360°. Tlie title of Uie other aspect (pd/ei), 
which occurs when the sun and moon arc equally removed from tiie 
equator upon the same side of it, is vj/aUpdta, which may be rendered 
■ ** very excessive sin or calamity.” This, too, is the name of one of the 
yogao, but not of that one which occurs when the sum of longitudes of 
the sun and moon is 180°: the discordance gives occasion for the ex- 
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•^planation .coutainQd in ver&c 20,'below. *016 apecificatitfn of tlie text, 

■ that the assets take' place when the sum of longitudes equals a cii’clq^' 
or a lialf-circlo respectively, or when the tivTo' liiTninarics are equally disr ii 
tant from either solstice, or either, equinox, is not to be und^tood as 
exact: tliis would be the case if the moon had no motion in latitude; 
but owing to that motion, the equality of declinations, which js .the 
thing, occurs at a time somewhat removed IVuiiiMiat of cqiitUily of <UB- 
tance from tho equinoxes: the latter is called iu the commentaiy Wflr 
dhyapAiOf tlie mean occurrence of the aspect.'* The tenn* trans&m 
by us “opoii tUe ssune and upon tho opposite side.s of either solstice^ . 
arc and viptiritai/nnoyula, litcially **situated in the same’.; 

and in contrar}’ ayanaa''; auamt being, as ahdidy pointed out (end of'^ 
note to Hi. 0-12), the name of the halves into which the ecliptic ia 
.'divided by the solstices. 


6. When the longitudes of the sun nnd moon, heiug.incEeased; 
by the degrees etc. found h.*r the cnineidonec of the s^tice with 
its observed pl.'icc, arc together iio.'iily u eireie or ncSrly a h^f- 
circle, calouhito the eorrcsijoinliii.g doolinsiliuns. 

7. Then, if the. dccliniitiuii uf ilio moon, slu.- being in an odd' 
quadrant, is, when corrected by her latitude (i/AvAcjja), greater 
than the duclinutioii of the sun, thca.'ipect (JaiVo) is already past; 

8. If les.s, it is still to conn'i iti uii even quadrant, the contrajyj; 
is the case. If the mooirs dcelination i.s to be subtracted fravnt 
her latitude, the rules as 1.o the quadrant are to be reversed. 

As in other pr«»cp.'‘.ses of a siniil.n- < li:ir.si tev (si-e above, iv. 7-8; vii. 
2-6), wc arc suppoboil to liave foiiiei by trial, I'l'r the .starting-point of 
the present calcnlation, tho midnight m-xt prcyi-ding iw following f^. 
oecnrrciice of the aspect in qiie^tii'ii, .nid tn h.'ivo lUiermined for that 
moment tho lungitiiilL‘.s aii.i ralox oi' bodies and the* 

inooifs latitude. In Hiuling liio. loiiiriindes, ui- aiv to ajiplv the correor 
tion for precessionthi< is the iiu-:tiiin<; of the evpn-'>ali>u in verse 6, 
drktulyasAdfiitunfiUli, in.ty be liieralh'traii.datcd “degrees etc. 

ealcuiatcd for accordance nbM-n'ciI jilace"; the reference is to the 

similar expression I'nr the ]irei'es'ioii eoiitaiiK.l in Hi. II. !Nextthedc- 
eliiialious arc to be found, and that of lli(*ni<M>n as cttrreeted for hep lat¬ 
itude. And since, iu the odd tpimh-anls—that is to say, the first and 
third, couiiling from the aetnal vernal eijiiinov—declination is increasing, 
wliilc in tho others it is decreasing, if the declination in an odd quad-^ 
rant of the moon, the swifter moving boily, is already greater tlian tliat 
of the sun, the time of i^quality of dcidinution is evidently akeady past,',' 
and the converse..' But if, on the other hand, the moon's declination 
(using that term in its Hindu sense) is .so small, and her latittlde''.aio ‘ 
great, being of opponto direction's, that her actual distance from the 
cqnatiorJI^jneasurea hf the excess of tho latter above the former, and ^ 
is of ^teqtion contrary to fliat id her declination, thcii, as declination 
increases, distance from the eqm^ diminishes,- or the contrary, nd the 
conditions as formerly stated ard Nverse^ throughout ‘ 




9. Multiplj the sines of the two declinations by radius, and di< 
y;do,by the sine of greatest declination: the difference of the 

. ebrresponding-to the ttaults, or bslf that difference, is to bo 
added to &e moon’s longitude when the aspect (pdto) is to come; 

10. And is to be subtracted from the moon’s longitude when 
dBm aspCQ| is past. If the same quantity.be multiplied by the 
’^n’s motion and divided by the' moon’s motion, the result is an 
'=^uation, in minutes, whicn is to be applied to the sun’s place, 

in the same direction as the other to the moon’s. 

11. So also is to be applied, in the contrary direction, a like 
equation to the place of the moon’s node. This operation is to 
be repeated, until the decimations of the two bodies c6me to be 
the same. * 

By this process are ascertained the loncitndes of the stm and rooon 
•t the tone when their declinations arc cqu:il. Tts lucthod.may be briefly 
ei^lsined as follows. At the midnight assumed us the starting-point of. 
the whole calculation there is found to be a certaiu dift'creuce in the 
‘two declinations: we desire to determine how fur the paths of the two 
Inminaries must be traced forwai*).! or backward, in oi'dcr that that ditfer- 
ence may be removed; and this must be effected by means of a scries 
of approximations. We commence onr caUnlatioii with the moon, as 
being the body of more rapid motion. Ry.n proportion the inverse of 
tost up on which the rale for deriving tlic decliiuition from the longitude 
(iL 28) is founded, we ascertain at what longitude the moon would have 
toe aan’a'actual declination, and at what'longitude‘she would have 
her own actual declination, as corrected by her latitude; the difference 
between the two results is a measure of the amount of motion in longi* 
tade, ^rward or backw^, by which she would gain or lose toe differ¬ 
ence of declination, if toe sun remained stationary and her own latitude 
unchanged. Since, however, that is not llic case, wo are compelled to 
oalcnlato the corresponding motion of tlic siin, and also the moon’s lati¬ 
tude in her hew position; and in order to toe luticr, wc most correct tho 
place of the node also foiv its retrograde motion during toe interval. 

motions of the sun and node arc foui^d by the feJlowing.projportion: 
as toe moon’s daily motion is to that of the sun, or to tliat of the node, 
Bo.iathe correction applied to^the moon’s place to that which must be 
applied-to toe place of the sun, or to that of the node.' "A new set of 
positions ia lonptiide having thus been found, the declinations are ag-ain 
to.be calenlatcd, and the same approximative procesa repeated—and .-o 
on, until the desired d^ree of accuracy is attained. 

Hie texbpermits us' to apply, as too correction fi>r the place of tho 
moon,.Mtoer tow whole or the half of the differenep of longitude found 
as the nsnlt of toe first proportion: it is nnessential, xtf course, in a 
process of this tentative character, what amount we aisnmc os that of 
‘ the first correction, provided those wbich we iippty to the plaoM of the 
sun and node be made to coRieapond witli U: and there may do cases 
In which we should be conducted UK^directly^to the finsl resolt of the 
by tsking only half the difibrenoek ' 
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12. The aspeet (pOfa) ia at the time of of dteliQAti<Aia ; 

then, the moon’s lo^tnde, aa thus increaaea'Or diminialied, 

be lesa than her longitude at midnight, the aspect in p^i if 
greater, it ia to come. : " ■ 

13. The minutes of interval between the lAotm’a kMlmitije aa 
finally established and that at midnight give, when tui4tlmui& 
by sixty and divided by the moon^s duly motion, the time fft fhe^ 
aspect, in n3diS. 


We had thna -fiir found only the longitudes of the' bud and moon M 
the time equality of declination, and not that time itself: She latter 
IB now derived from the former by this proportion: as the moon’a daily 
motion is to a day, or sixty nadis, so is the differe^e between. tM 
moon’s longitude at midnight and at the time of the aspect to the intOf^ 
val between tlio latter time and midnight 


14. Multiply the half-sum of the dimensions (mdna) Oflhe Sittt 
and moon by "sixty, and divide by the difference of their duly 
motions: the result is hall' the duration (sihiii), in n^ta etc. 

15. The corrected (^phuta) time of the aspect is the mid- 
die: if that be diminished by the half*duratioD, the result is the 
time of the coinirieucemcnt; if increased by the same, it is the 
time of the end. 

16. The time intervening betw^n the mozhents of the begin* 
ning and end is to be looked upon as exceedingly terrible, hav¬ 
ing the likeness of a consuming lire, forbidden for all vAirla. 


'Fhc continuance of the centres of the sun and moon at the point of 
equality of declination is, of course, only momentary; but the autect 
and its malignant influences are to be ivgnrdcd.as lasting as long as then 
is virtual ctmtact of the two disks at that point, or aa long as a central 
eclipse of thb aim would last if it took place tlicre. Its half-dnntioii, 
then, or.tlie interval front its middle to its beghming'or end respectively, 
is found by a proportion, as follows: if in a day,or sixty nh^H tlic two 
centres of'tliosnii and moon become separated by a distance which is 
equal to the difi'cruucc of tlieir daily motions, in how many n&^le will 
they become separated by a distance which is equal to the sum erf their 
semi-diameters I or ^ 

dilt d. motions : 60 :: sam somi-diam, : halfdwalioD 
And if l!his amount be subtracted from and added to the time of equal¬ 
ity of declination, the results wiU be the momeuts at which the aspect 
will begin and end respectively. . ’ 

Such is the plain and obnous meauiiig of the text in tifia pusagd; 
The comincutHtor, however, in accordiincc with his mterpretationTer ^ 
next following verse (wo below), declares that the aspect actually ihsih 
as long hi any portion of the moon’s disk has the same declinatiau with 
any pornpu. of that of the sun; ind that, accordingly, i^cenUHBVees—. 
the inoon’i declination being supposed to he increasing^whmMver her 
remoter Mb* comes to have the same deefination with Mb 

of th» suu, and ende Whin her aeirer Mb ceniei to have the^ihma' 
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dination witli the remoter limb of the Run—the contrary beihg the case 
when her declination is decreasing. He acknowledges tliat the text 
.does not sccni to teach this, but puts in the plea which' is usual with him 
‘ whdi excusing a palpable inaccuracy in the statements or processes of 
the treatise; namely, that the blessed author of the work, moved by pity 
for mankind, permitted here the substitution of difference of longitude 
for difference of declination,' in view of tlie gvcntcr,.ease of its calcula- 
-tion, and the iusigniticance of the error involved. 'Diat error, however, 
is quite the reverse of inagnificaut; it is, indeed, so very gross and pal^ 
pablc that we cannot possibly suppose it to have been committed inten> 
tionally the -text; we regard it as the easier assumption that the con¬ 
ditions 01 the contiiinancc of the as]>ei‘t arc differently estimated in the 
text and in the cummonturv, being bv the former taken to be as we have 
Stated them abofe, in our e\iii:in.itiun of the proecaa. Tlie view of the 
matter taken by the eoiiiineutntor, it is true, is decidedly the more nat¬ 
ural and plausible one: there seems no gooil reason why an aspec't. 
which depends upon equality of di'cliiiatiou shouM be. determined as to 
continuance by motion in loiigitiule, or why the .aspect should only oc- 
enr at all when the two eeiitres are e(|iially distant from the cejuator; 
why, in short, there should not. be partial aspects, like partial eclipses of 
the snn. If the doctrine of tlic coinnient.'iry is a later development, or 
an independent form, of that whieli the text appears to represent, it is a 
naturally suggested one, and such ns iiiigiit have been expected to arise. 

17. While any parts of the disks, of the sun and moon have 
. the same declination, so long is tluTC a continuance of this aspect, 

causing the destruction of all works. 

18. So, from a knowledge of the tirhe of its occurrence, very 
great advantage is obtained, by means of bathing, giving, prayer, 
ancestral offerings, vows, oblations, and other like acts. 

We have translated verse 17 in s-triet aecordance with the intciprcta- 
tion of it presented in tlio enfiirueutary, allhnugli wc must acknowiedgo 
that we do not see how that interpretation is to be I'eeoiicilcd with tlio 
actual form of the text. 'I'ho terui H-n/nmif/aiti, which the comnicntsi- 
4or renders '‘having ci{u.*d 4.celinalioii,” ihc siimc with that which in 
the first versosignided “ situated in Ihe sain'iciycina’*; mandala, although 
it is sometimes used with tlie iiicnniug “dLsk,” here attributed to it % 
him, is the word employed in that same verse for ^ “ circle,” or “ .'300'”’; 
and antom, which he explains by ekadepa^ any part,” nev'er, so far as 
tvo know, is proj^orly used in that sense, while it is of frequent occur¬ 
rence elsewhere in this treatise with the meaning “ interval.” llie nai- 
ural rendering of the line would seem it-) bo “ when there is between the 
sun and moon tlie interval of a circle, situated in the same ayaiia.” 
This, however, yields no useful moaning, since such a description could 
only ajiply to an actual conjunction of the sun and moon. Wc do not 
ecu how the difficulty i,s to be solved, unless it be allowed us, iu'view of 
the 'liscordaiicc already pointed out as existing between Jihe plain mean¬ 
ing of the previous passage and that attributed to' it by tlie conimenta- 
• ter, to assume tliat the text has been, tampered H^th in this vene, and 
made to furnish a different sense from that it ori^nally had, partly by a 
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foFC^ inteijjreiationi but partly also by such Un alteration of its readinga 
as disables it from yielding auy other intelligible meaning. 

19. When the equality of declinations of the sun and inpra 

takes place in the neighTOrhood of the equator, the aspect may 
then again occur a second time: in the contrary case, it may frul 
to occur. ‘ . 

Near the equinox, where declination changes i^pidly, the moon, ai 
the swifter moving body, may come to have twice, in rapid succession, 
the same declination with tlie sun, and upon the* opposite sides of- the 
equator. Near die solstice, on the other hand, where the ecliptic and 
equator are nearly parallel, the moon—if she happens to be nearer the 
equator than the sun is, owing to her latitudc-^may pass the region in 
which the aspect would otherwise be liable to occur, without having had 
a declination equal in amount to that of the sun. 

20. If the sum of the longitudes of the sun and moon, in min* 
utes^ on being divided by the portion {hhogd) of an asterism 
(&Aa), yields a quotient between sixteen and seventeen, there is 
another, a third, vyatipdla. 

This is simply a special application of the rule formerly given (ii. 66), 
for finding, for any given time, the current period named yoga. Ihe sev- 
euteenth of llio series, as is shown hr the list there given, has the same 
name, vyattpAUi^ with one of tlie aspex'ts treated of in this chapter: 
judging from verse 22, below, it i^also regarded as possessing a like por- 
tenWus and malignant rhnractor. 

21. Of the asterisms {dhtshnya) Aqleslui {sdrpa\ Jyeshthfi {din- 
dra)f and Bevatt {paushiiyd), the last quarters are jui^tiona.of 
the asterisms {hhasandhi ); the lirst quarter in the ast^ihms fol¬ 
lowing these respectively is styled ganddnta. 

22. In all works, one must avoid the terrible trio of vyiutpdJUutf 
as also the trio of ganddntas, and this trio of junctions of fis* 
terisms. 

The division of the ecliptic into twenty-sevenths, or asterisms, coin¬ 
cides with its division into twelfths, or signs, at the ends of the ninth, 
eighteenth, and twenty-seventh asterisms, which are also those of the 
fourth, eighth, and twelfth signs respectively. To this innocent circum¬ 
stance it seems to bo owing that those points, and the quarters of por¬ 
tions, or arcs of 200', on cither side of them, are regarded and stigma¬ 
tised as unlncky and ominous. Hence the ti^Ic bnvtandhi; aandhi is 
literally “ putting tt^cthcr, joint,” and bha is, a. has been noticed else¬ 
where (note to ill. 9-12), a name both of the asterisms and of 'signs. 
In which of its various senses the word yanda is used in the compound 
yanddnta, we do not know. 

2S. Thus hath bten related.that supreme, pure, excellent, mys¬ 
terious, ahd grand system of the heavenly bodies: what else dost 
thou desire to know ? • 
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In this reuse reappears the personality of the revealer of tfie treatise, 
the incarnation of a portion of the ann, nrhieh has 'been lost si^ht of 
unoe near the bcffinning of the -work H. 7). Tlio questiops addressed 
to him, in answer to this appeal, by Maya, the recipient of the revelii- 
tion, introduce tlie next chapter, which, with the two that follow it, con- 
‘ tains the additional explanations and instmetions vouchsafed in reply. 
The last three chaptm confessedly constitute a separate portion of the 
work, which' is here divided into a pArva khan^ and an uttara khandOf 
or a “former Fart”'and a “latter Fart.'’ It is by no means impossible 
that tlie whole second.Fart is an appendix to the'tcxt of the Siadhfcnta 
as originally constituted. 

The title.of the next following chapter is bkA^olddhyAya, “chapter of 
the earth-globe”: in Uie wecond part of the treatise the chapters are 
styled adhyAya^ “ lection,” instead oi^ as hitherto, adhikAra^ “ heading.” 


C H A F T E R X i I . 

COSMOGONY, GEOGRAPHY, DIMENSIONS OF THE CREATION. 

■ 

CoNTBin1-9, inquiries; 10-28, development of the creative agendes, of the ele- 

inenta,andof the ezb^ing creation; 29-31, form and disposition of the stellar 

and planetary eystems; 82-44, situation, form, structure, and divinons of the 

oerth; 46-72, varying phenomena of night and day in different latitudes and 

aones; 78-77, revolutions of the stars and planets; 78-79, regents of the differ 

ent divisions of time; 80-90, dimensions of tlie planetary, stoUar, and ethereal 

orbita. 

■ 

1. Then the demon Maya, nrostrating himself with hands sup- 
pliantly joined before him who derived his being from the part 
the Sail, and revering him with exceeding devotion, inquired 
9 S follows: 

S. O blessed one! of wh.at measure i.s the earth? of what 
form? how supported? how divided? and how are there in it 
' seven interterranean (pdtdla) earths ? 

3. And how does the sun cause the varving distinction of day* 
and night? how does he revolve about tlie earth, enlightening' 
all creatures? 

4. For what reason are the day and night of the gods and of 
the demons opposed to one another? or how does that take place 

’ by rneaim of the snu’s completion of his revolution ? 

5. Why does the day oi the Fathers consist of a month, but 
that of mortals of sixty nfidts? for what reason ia not this latter 
everywhere the ea.se ? 

6. Whence is it that the regents of the days, ^ara, months, - 

and hours {hard) are not the same ?* JQiow! cimle of as- 

terisma i^hagaTjta) revolve ? what m 1^9 soppplt of it with the 
planetar 
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7. The'.orbita of‘the planets and storsy uplifted from the earth 

one above another—^what are their heights ? what their inter¬ 
vals ? what their dimensions ? and what the order in which they 
are fixed ? * 

8. Why are thorajs of the sun hot in the summer, and net 

so in the winter? how far do his rays penetrate? How many 
mo^s of measuring time (mdna) are there ? and how are they 
empl^ed? • 

9. Besolve these my difficulties, 0 blessed one, creator of cre%>- 
tures I for there is not found besides thee another resolver, who 
beholdcth all things. 

The proper answers to these inquiries Commence at about the twenty- 
.seventh verse of the chapter, the preceding philosophical history of the 
development of the existing creation being apparently volunteered by 
the rovelator. All tiic questions tlien find their answers in this chapter, 
excepting that as to the methods of measuring time, which is disposed 
of in the fourteenth and concluding chapter. The subject of the thir¬ 
teenth chapter also seems not to be contemplated in the laying oq|, in 
this passa^, of the scheme of subjects to be treated of In the remain¬ 
der of the treatise. 

10. Having heard the words thus uttered with devotion by 

Maya, he then again promulgated this mystmoua and supreme 
Book {fldhy&ya ): ■ 

11. Listen with concentrated attention. I will proclaim the 
secret doctrine called the transcendental (odhydiTna): there is 
nothing which may not be bestowed on those who arc exceed¬ 
ingly devoted to me. 

12. Vfisudeva, the supiemc principle of divinity {brahman)^ 
whose form is all that is (tat), the supreme Person (puruaha), uii- 
manifestedj free from qualities, superior to the twenty-five prin¬ 
ciples, imperishable, 

13. Contained within matter (prakriC), divine, pervading every¬ 
thing, without and within, the attractor—^he, having in the first 
place created the waters, deposited in them energy. 

14. That b«:amc a golden egg, on all sides enveloped in dark¬ 
ness: in ft first became manifested the unrestrained, theeverlaa^ 
ing one. 

15. He in the scripture (eJumdas) is denominated the golden- 
woinbed (Mranyagaiwia), 8ne blessed; as b sing the first (ddi) ex¬ 
istence, he is called Aditya; as being generator, the sun. 

16. This’ sun, likewise named S^vitar, the supreme source of 
light (Jyotis) upon the border of darkness—hb revolves, brin^^g 
beings into being, the creator of creatures. 

17. He is extolled as natural illumioator, destroyer of dark¬ 

ness, great. The Hymna (rccu) are his disk, the Songs (admdni) 
bis beams, the Liturgy his fonn. 
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18. He, the blesacd one, is composed of‘the trio of sacred 
Boripturea, the soul of time, the producer of time, mighty, the 
Botifof the universe, oll-peuetrating, subtle: in him is the uni¬ 
verse established. 

10. Having made for his chariot^ which is composed of the 
universe, a wdiccl consisting of the year, and having yoked the 
seven metres as his steeds, he revolves continually. 

20. Three quarters ard immortal, secret; this one quarter hath 
become manifest. In order to the production of the animated 
creation, he, the mighty one, produced Brahma, the principle of 
consciousness {nhdnkara). 

21. Bestowing upon him .the Scriptures (veda) as gifts, and es¬ 
tablishing him within the egg as grandfather of all worlds, he 
himself ^eu revolves, causing existence. 

22. Then Brahma, wearing the form of the principle of con¬ 
sciousness (a/ian/cdra), produced mind in the creation: from mind 
was born the moon; from the eyes, the sun, the repository of 

23. From mind, the ether; thence, in succession, wind, lire, 
waters, earth—these live elements {mahdhhfiUt) were produced 
by the successive addition of one quality. 

24. Agni and Sofoa, the sun anu moon: then Mars etc. were 
produced, in succession, from light, earth, ether, water, wind. 

25. Again, dividing himself twelve-fold, he, the mighty one, 
produced what is known as the signs; and yet hirther, what has 
the form of the asierisms {naksliatra), twenty-scvcn-fold. . 

26. Then he wrought out the whole animate aud inanimate 
creation, from thb gods downward, producing forms of matter 
\prakrti) from the upper, middle, and lower currents (srotas). 

27. Having produced them in succession, as stated,, by a dif¬ 
ference of quality and function,, lie Ihshioited the distinctive char¬ 
acter of each, according to the showing of the Scripture {veda )— 

28. That is, of the planets, asterisks, and stars,* of the earth, 
and of the universe, he the mighty one; of gods, demons, and 
mortals, and of the Perfected (rnddha), in tlieir order. 

We do not regard oiirselvea as called upon to enter into iOfy detailed 
examination of wia mctapliyaical scheme of development of the ctch- 
tion, or to compare it critically with the similar schemes presented in 
other Hindu works, as Mann (cliap. the ^rftnas (see 'Wilson’s Vish^ti 
Purkim, Book I), etc. Wc will merely ex^ain a few of its expressions, 
and of the allusions it contains. Vftsudeva is an ordinary epithet of 
Vishnu, and its uaein. the signification here given it seems indicative of 
YaUlmava tendencies on the part of the autlior of the scheme. The 
twenty-five principles referred to inverse 12 are those established by 
the Sfiukhya philosophy. The reference in verse 16, first half, is to Big- 
Veda X. 121. In the second half of the verse we have a couple of 
false e^mologtes: dditya comea, not fromWh “ffnt,” but from aditi. 
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“ eternity”; and to derive sArya^ “ aunfrom the root t&, “ generate” 
(from which navitar actilally cornea), ia beyond the usual measure of 
Hindu tlicologico'phiiosophical etymologizing. The Hymns, Songs, and 
Liturgy are the three bodies of scripture commonly known as the Rig- 
Vedn, S&ma-Vcda, and Yajur-Ycdai The “seven metres” (v. .19) are 
those which are most often employed in the construction of the V'edic 
htmns: in parts of tlio Veda itself they arc personified, and marvellous 
qualities and pow'ers are ascribed to tlicrn. The obscure statement con¬ 
tained in the first half of verse 20 comes from verses 3 and 4 of the 
ptirurAa-hymn (Rig-Veda x. 00': the liymn is also found in others of 
the Vcdic texts), 'i'hc second half of verae 22 also nearly coincides 
with a pa.ssage (v. 13) in the same hj'inn. Of the five elements assumed 
by the Hindu philosophers, the first, other, is said to be endowed only 
with the quality of nudibleness; the second, air, has that of tangibility 
also; the tliirfl, fire, has fioth, along with color; to these qualities the 
fourth element, water, adds that of savor; the la.st, earth, possesses audi¬ 
bility, tangibility, color, sjtvor, and odor: this is according to the doc¬ 
trines of the S&nkliya ])hilosophy. In verses 24 and 23 we have speci¬ 
fications introdneed out of con.Mtieration for the general character and 
object of this treatise : as also, in tlie part assigned to the son in the 
history of dcvclopiiicnt, wc may perhaps recognize homage paid to its 
asserted author. For the beings called in verse 28 the “ perfected” («td- 
c/Aa), see below, versc.s 31 and 40. 

29. This Braliuia-cgg is hollow: within it is the universe, con¬ 
sist ng of egrtli, sk}', etc.; it lias the form of.a sphere, like a 
receptacle made of a pair of caldrons. 

3(1. A circle within the Brahrna-egg is styled the orbit of the 
ether {vyoman) : within that i.s the revolution of the asterisms 
(AAa); and likewise, in order, one below the other, 

31. Bevolvc Saturn, Jupiter, Mars, the sun, Venus, Mercury, 
and the moon; below, in succe-ssinn; the Perfected {siddha\ the 
Possessors of Knowledge {yulywUuira)^ and the clouds. 

Thu order of proxiinity to the earth in wliich the seven. planets arc 
here arranged is, ns noticed above (i. 31-32), that upon which depends 
the sui'cciision of their regency over the days uf the week, and so also 
the names of the latter. So far as the first tliree and the last are con¬ 
cerned, it j|S a naturally suggested arrangement, which could hardly fiul 
to bo hit Upon by any nation having siilGcicnt skill to fonn an order of 
succession at all: tlic order in whicli tho sun. Mercury, and Venus are 
inadu to follow one another is^ on tho other hand, a matior of more ar¬ 
bitrary determination, and might have been w.'h eqiml propriety, for 
aught ive can see, revemed or otherwise varied. Of the supernatural 
beings called the “possessors of knowledge” (vidyddAora) wc read only 
in this verse: the “perfected ” we find again mIow, in ver8^40, as inhab¬ 
itants of a city on the earth's surface. 

82. Quito ill the middle of the egg, the earth-globe 
stands in the ether, bearing the supreme might of Bralima, which 
is of the nature of self-supporting force. 

32 
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3S. Seven cavities within it, the abodes of serpents (nctgra) and 
demons {asurd)^ endowed with the savor of heavenly plants, de¬ 
lightful, arc the interterranean {pdtdki^ earths. 

84. A collection of manifold jewels, a mountain of gold, is 
Meru, passing through the middle of the earth-globe, and pro¬ 
truding on either side. 

85. At its ii^cr end are stationed, along with Indra, the gods, 
and the Great &gca {tnaJiarshi)] at its lower end, in like man¬ 
ner, the demons {asunt) have their place—each the enemy of the 
other. 

86. Surrounding it on every side is Qxed next this great ocean, 
like a girdle about the earth, dividing the two hemispheres of 
the gods and of the denions. 

87. And on all sides of the midst of !NIuru, in equal divisions 
of the ocean, upon islands {dvtpii)^ in the different directions, are 
the eastern and other cities, fashioned by tlie gods. 

38. At a quadrant of the earth's circMiniference eastward, in 
the clime (ra«Aa) Hhadrru,'va, is the city famed as Yamakoti, 
having wajls and gateways of gold. 

89. To the southward, in the clime Bhslrata, is in like manner 
the great city Lankil: to the w<'st, in the clime called Kctuinula, 
is declared to be the city named Romaka. 

40. Northward, in the ciinie Kurn, is dcclai’ed to be the city 
called that of the Perfected (snUha ); in it dwell the magnaui- 

• mons Perfected, free from trouble. 

41. These are situated also at a distance from one another of 
a quadrant of the earth's circumference; to the north of them, 
at the same distance, is Meru, the abode of the gods (sum). 

42. Above them goes the sun when situated at the equinoxes; 
they have neither equinoctial shadow nor elevation of the pole 
(akshonnati). 

43; In both directions from Mcrn are two jiole-stars {^rvva- 
idrd), iixcd in tlie midst of the sky: to those who arc situated in 
places of no latitude {mrakshit\ both these have^their jdacc in 
the horizon. 

44. Hence there is in thojK} cities no elevation of the pole, the 
two pole-stars being situated in their horhson ; but their degrees 
of co-latitude {lamhaka) are ninety: at Meru the degrees of Inti 
tude (flksJia) arc of the same number., 

In these verses we have so much of geogrtiph^ ns the author of the 
chapter has seen fit to connect with his astronomical explanations. For 
a Hindu account df the earth, it is wonderfully moderate, and free from 
falseliood. fRie absurd fictions which the Pur&OAs nut forth as geogrn- 
' phy arc here for the most part ignored, only two or mrce of the features 
of their descriptions being retained, and those in an altered form. To 
iSto Pnr&nas (sec especially Wilson’s Vishnu Purfi^, Hook TI., chap, 
ii-vi), the earth is a plain, of immense'ii^ensions. Precisely in tlic 
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middle of rises Moant Meru, itself of a size compared with which the 
'earth, an measured by the astronomers,' is as notliing: it is smd to be 
84,000 yojanas high, and buried at tiie base 16,000 yojanas; it has tlie 
shape of an inverted cone, being 32,000 yojanas in diameter at its np« ■ 
per extremity, and only 16,000 at the earw’s surface. Out of this mouu- 
tain the astronomical systciin makes the axis of tlie earth, protruding at' 
either extremity, indeed, but <)f diuieiisioiis wholly undefined. As the 
Pni&nas declare the summit of Mcru, and the mountains immediately 
supporting it, to be the site of the cities iiihabitcfl by the difterent divin¬ 
ities, BO also we have here the gods ])lnccd upon the northern extremity 
of the earth’s axis, while their foes, the spirits of darkness, have their 
scat at the southern, 'flic central circular <'oiitinent, more than 100,000 
yojanas in diameter, in the midst of which Meru lies, Is named Jambii- 
dvlpa, *‘the island of the rose-apple tree”: it is intiM-seetud by six paral¬ 
lel ranges of mountains, niiiniiig east and west, ami connected together 
by short cross-ranges: the countries lying betwuen these ranges are 
styled varsAas, " climes,” and an* nil fiiliy nained anil described in the 
Punlnas, as are the iimuutain-rauges themselves. Thu half-inoon-shaped 
strips lying at the buses of the incuintaius on the eastern, southerp, west¬ 
ern, and uo:'thcrn edges of the continent, are called by tlie same names 
that arc given by our text to the fonr insular elimes which it sots up, 
Bh&rata is a real historical naims, apjiearing variously in the early Hindu 
traditions; Kuril, or UUara-Knrn, is a title apidieil in ilimlu geography 
of a less fictitious uliaraetcr to the country or people situated beyond tbe 
range of the Himalaya; the other two names appear to 'be altogether 
imaginar}'. #11ie Ihiriiiuis say nothing of cities in these four climes. 
LankA, as noticed aI>o\e (i. 02), is ]>ro])urly an appellation of the island 
Ceylon ; and Kunnika undoubtedly comes trum the name of the great 
city which was the mistress of the western world at the period of lively 
eommercial iUturcouvse between India and tbe Mediterranean: the other 
two cities are pure figiuciits of the i magi nation.* Our treatise, it will be 
obsened, ignores the system of eemtinents, or dvijms, and simply siir- 
Tounds the earth with an ouuan in the inidi$t, like a girdle: the PurAnas 
encompass Jamb(idv1[)a about willi six other dvipaXj or insular ring- 
shaped continents, each twice as vast as that which it encloscsi, aiul each 
separatevl from the next by an ocean of the same extent with itself. Of 
these seven occatis, tlie first, which wsishes the shores of Jambikdvtpa, iz 
naturally enough acknowledged to be composed of salt water: but the 
second is of syrup, the third of wine, the fourth of clarified butter, the 
fifth of whey,'the 'sixth of milk, and the last of sweet water. Outside 
Uie latter is an uninhabited land of gold, auil nn its bonier, as the out¬ 
most verge of creation, is the monstrous wall of t lu Loktdoka mountains, 
beyond which is only nothingness and darkness. 

The author of the SiddhAuta-^iromaiii, more suhnitesiro than tho 
writer of our chapter to the authority of tradition, accepts (Gol&dhy., 
chap, ii) the scries of concentric continents and'oeeans. but gives thwi 
all a place in tbe unknown southern hemisphere, while lie regards Jam- 
bhdvlpa 03 'occupying the whole of the northern. 

The pdtdAu, or inteilemneau cavities, spoken of in verse 33, are, also 
an important fcaturi! of the Pnranic geography. If our author has not 
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had the good bchrc to reject them, along with the insular continents, he 
at least passes thorn by with the briefest possible notice. In the Pur&nas 
they’ are declared to be each of them 10,000 yqjanas -in depth, and 
their divisions, inhabitants, and productions are described with the same 
ridiculous detail as those of the continents on the earth's suiface. 

It will be observed that tlie text^ although exhibiting iii verse 41 a 
distinct apprehension of the fact that the pule is situated to the north¬ 
ward of all points of the equator alike, yet^ in describing the position 
of the four great cities, speaks as if thei’e were a north direction from 
Mem, in the contiiiuutioii of the line ilrawn to the latter from Lank&, 
and an east and west direction at right angles with this. 

For tilt! terrestrial equator, eousidcred ns a line or circle upon the 
earth’s surface, there is no distinctive name; it is mferred to simply us 
tbe place “of no latitude” (jiiraksha^ vi/aksha). 

45. In the h'alf-rcvolutiou beginning with Aries, the sun, be¬ 
ing in the hcinispliere of the, gods, is visible to the gods: but 
while in that be^nning with Libra, he is visible to the demons, 
moving in their hemisphere. 

46. lienee, owing to his ('xcccdiug nearness, the rays of the 
sun arc hot in the hemisphere of the gods in summer, but in 
that of the demons in winter: in the contrary season, they are 
sluggish. 

47. At the cquiuox, botli gods and demons see the sun in the 
horizon; their day and night are mutually opposed U^ach other. 

48. The sun, rising at the first of Aries, while moving on 
' northward for three signs, completes the former hulf-day of tiie 
dwellers upon Meru; 

49. In like manner, Avhile moving through the three signs be¬ 
ginning with Cancer, lie completes the latter half of their day: 
he accomplishes the same for the enemies of ihc gods while 
moving through the three signs beginning with Libra and tlie 
three beginning with Capricorn, respectively. 

50. Hence are their night and day mutually opposed to one 
another; and the measure of the day and night is by the com¬ 
pletion of the sun’s revolution. 

51. Their mid-day and midnight, which are opposed to one 
another, are at the end of each half-revolution from solstice to 
solstice {ayana). The gods and demons each suppose themselve. v 
to be uppermost 

52. Others, too, who are situated upou the same diameter 
{sanimutrasiha), think one another underneath — as the dwellers 
in Bhadraqva and in Ketnmala^ and the inhabitants of LankS 
and of the city of the Perfected, respectively. 

53. And everywhere upon the globe of the earth, men think 
their own place to be uppermost: but since it is a globe in the 
ether, where Jihould there be an upper, or where an under side 
of it ? 
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64. Owing to the littleness of their own bodies, men, looking 
in every direction from the position lliey occupy, behold this 
earth, although it is globular, as having the form of a wheel. 

65. To the gods, this sphere of astcrisms revolves toward the 
nght; to the enemies of the gods, toward the left; in a situa¬ 
tion of no latitude, directly overhead-^always in a westerly di- 
reetton. 

56. Hence, in the latter situation, the day is of thirty nSdis, 
and the night likewise: in the two hemispheres of the gods and 
demons there take place a deficiency and an excess, always op¬ 
posed to one another. 

67. During tlie half-revolution beginning'with Aries, there is 
always an excess of the day to the north, in the hemisphere of- • 
the gods—^greater according to distance north—and a correspond¬ 
ing deficiency of the night; in the hemisphere of the demons, 
the reverse. 


68. In the half-revolution beginning witli Libra, both the de¬ 
ficiency and excess of day and night in tlie two hemis;)heTes are 
the opposite of this: the method of determining them, which is 
always dependent upon situation {derci) and declination, has been 
before explained. 

59. Multiply the earth’s circumference by the sun’s declination 
in degrees, and divide by the number of degrees in a circle: the 
result, in ypjanas, is the di.stance fi-om the place of no latitude 
where the sun is pas.sing overhead. 

60. Siid>tract from a quarter of the earth’s circumference the 
number of yojanas thus derived from the greatest declination: 
at the distance of the remaining number of yojauas 

61. There occurs once, at the end of the sun's half-revolution 


from solstice to solstice, a day of sixty nudis, aud a night of the 
same length, mutually opfiosed to one another, in the two hemi- 
spliercs of the gods and of the demons: 

.62. In the intermediate region, the deficiency and excess of' 
day aud night arc within the limit of sixty ndms; beyond, this 
sphere of astcAsms (Mu) revolves perversely. 

63. Subtract from a quarter of the eartb^s circumference the 
number of 'yojanas derived from the dc>.‘-lination found by the 
sine of two signs: at that distance from !he equator the sun is 
not seen, in the hemisphere of the gods, wb ni in Saj^ittarius and 
Capricorn; 

64. So also, in the hemisphere of the dcnions, when in Gemi¬ 
ni and Cancer: in the quarter of the earth’s circumference where 
her shadow is lost, the sun may be shown to be visible. 

, 66. Subtract from the fourth part of the earth’s periphery 
ileak^i^ the number of yojanas derived from the declination 
found by the sine of one sign: at the distance from the place of 
no latitude of the remaining number of yojanas, , 
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66. The sun, when situated in Sa^ttarius, Oapricorn, Scorpio, 
and Aquarius, is not seen in the hemisphere of Uie gods j in 
that of the demons, on the other hand, wnen in the four signs 
commencing with Taurus. 

67. At Meru, the gods behold the sun, after but a.single rising, 
during the half of his revolution beginning with Aries; the de¬ 
mons, in like manner, during that beginning with Libra. 

68. The sun, during his northern and southern progresses 
{ayana) revolves directly over a fifteenth part of the earth’s cir¬ 
cumference, on the side both of the gods and of the demons. 

69. Between those limits, the sliaaow is cast botli southward 
and northward; beyond them, it falls toward the Meru of either 
hemisphere respectively. 

70. When passing overhead at Bhadru^va, the sun is rising in 
Bhtlrata; it is, moi^over, at liiat time, midnight in Ketumala, 
and sunset in Kuru. 

71. In like manner also lie produces, by his revolution, in 
BhErata and the other climes, noon, sunrise, midnight, and sun¬ 
set, reckoning from cast to we.st. 

72. To one going tow'urd Meru, there take place an elevation 
of the pole {dhruva) and a de|>re.ssion of the circle of ^terisms; 
to one going toward the place of no latitude, on the contrary, a 
depression of the former and an elevation of the latter. 

This detailed cxpositiDii uf the varying relations of day and night in 
ditferent parts of the gluhc is rjiiitc eruditablc to the ingenuity, and th 9 
distinctness of apprehension, of those by whom it was drawh out. It 
is for die most part so clearly expresf^ed ns to need no additional exphi- 
iiations : we shall append to it only a few brief remarks. 

How far, in verse 46, a true statement is given of the cause of the 
heat of summer and the cold of winter, may be made a matter of some 
question: the word which wc li:ivc tninslatod *' ne.'U'iicss” (daannatti) lias 
no right to mean “ directness, perpendicularity.'' aud yqt, when taken in 
connection with the preceding verse, it may perhaps admit tliat signifi¬ 
cation. The second chapter shows that the Hindus knew very well 
that the sun is actually nearer to the whole earth in winter, or when 
near hia perigee, than in summer. • 

The expression ayandnfa, “at the end of an ayana'* empluycil in 
verses 51 aud 61, and which wc have i‘endercd by a paraphrase, iiiigli* 
perhaps have been as w'oll truuslutcd, brioily and simply, “at either 
solstice.” Prqbably ayom, as used in the sense of “ solstice” ^scc above', 
end uf note to iii. 0-12b is an abbreviated form of ayan&nia, hkejyd for 
jy&rdha (ii, 15-27), and aksha for akshonnati (i. 60). 

In verse 55, wc have translated by “ toward the right” and “ toward 
the left" the adverbs aavyaia and apaaavyamj whicli mean literally “left- 
wise” and “ right-wise”; tiiat is to say, in such a manner that the left 
side or the right side respectively of the tiling making the revolution is 
tniiicd toward that about which the revolution is made, this being the 
Hindu mode of describing the pai^sing of one person about another per- 
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son or thing, especially in respectful salutation and in religious cew- 
monial. • 

The natural measure of the day and of the night is assnnied in verse 
56 etc. to he the li^f of a whole day, or thirty n&dls, and any deviation 
from that norm is regarded as an excess (dAana, wrddhJC) or a deficiency 
(rna, Adnt, kithaya). The former processes referred to at the end of 
verse 68 are those taught in ii. 60-62. 

Wc have alroaily ahovr (note to i. 63-65) called attention to the lact 
that all the Hindu nieasureineiits of longitude and latitude upon tlie 
earth’s surface are made in yojanas, and not in degrees. 

Tlie expression* “ perversely" {vipartta) in verse 62 is explained by 
the commentator to menu “ in such manner that the rules as already 
given cannot be applied”; since the sine of the ascensional diiferenco 
(card—see ii. 61) as found hy them would be greater than radius. 

The latter half of verse 6 t is obscure: its meaning seems to be, as 
explained by the commentator, that over n corresponding portion of the 
earth’s surface in the. contrary hemisphere the sun is continuously visible 
during the same period, the sli.adow of the earth, which is the canse of 
night, not covering that portion. 

78. The circle of astcrisms, bound at the two poles, impelled 
by the provector {pravahn) winds, revolves eternally: attached 
to that are the orbits of the planets, in their order. 

74. The gods and demons behold the sun, after it is on(^ risen, 
for half a year; the Fathers {pilnras), who have their sta|;ion in. 
the moon, for a half-month {pnksha ); and men upon the earth, 
during their own day. 

75. The orbit (jeakshd) of one that is situated higher up is 
large; that of one situated low'er down is small. Upon a great 
orbit the degrees arc great; so also, upon a small one, they are 
small. 

75. A planet situated upon a small circuit {hhrarim^) traverses 
the circle of constellationsin a little time; one revolv* 
ing on a large circle {mawiala), in a long time. 

77. The moon, upon a very small orbit, makes many revolu¬ 
tions ; Saturn, moving upon a great orbit, makes, as compared 
with .her, a much less number of revolutions. 

The connection and orderly Ruccc»«ioa of subjects is by qo moans 
strictly inaintaincd in this part of the M)a(>tcr. The seventy-fourth verse 
is palpably out of place, and is, moreover, in great part snperflnoas; for 
the statement contained in its first half h:ui alrcai v twice been made, in 
verses 45 and 67, and in the latter passage in nearly the same teqns as 
here: its last specification, too, is of a matter too obvious to'caU for 
notice. Nevertheless, the verso cannot w'ell bo spared from the chapter, 
since it contains the only answer which is vouchsafed to the question of 
verse 5, above, respecting the day and night of the Fathers. In the 
assignment of the different divisions of lime, as single days, to different 
orders of beiftgs, the month has been given to the pitards, Fhthem," or 
manes of the departed, and they are accordingly located in the moon. 
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each portion of nlm.se snrfiicc enjovR a recurrence of day and night 
once in each liinnr month. Tlic next following reraeH, 75 to 77, are a 
rather unneceiwiry amplification of the idea already expressed in i. 26- 
27 but they answer well enough here as special intmduction to the de¬ 
tailed exhibition of the ineasiirements of the planetary orbits which is 
to follow. Before that is brought in, however, we have the connection 
again brnken, by the intrusion of the two followii^ verses, respecting 
the regents of years, monthly days, and hours. 

78. Counting downward from Saturn, the fourth successively 
is regent of the day; and tne third, in like manner, is dtsclared 
to be the regent of the year; 

79. Reckoning upwara from the moon are found, in succession, 
the regents of the months; the regents of the hours (Aort^), also, 
occur in downward order from Saturn. 

This passage appears to be iutrodiu'od here as answer to the inquiry 
propounded in verse 6, above. Instead, however, of explaining why the 
ditferent divisions of time are placed under the superintendence and pro- 
teetion of different planets, the text contents itself with reiterating, in a 
different form, what had already Ihjcii said befoi^' (i. 51-62) respecting 
the order of suceeasion of the regents of the successive periods; hut 
adding also the important and significant specification respecting the 
hours, or twenty-fourtlis of the day. Wc have sufficiently illnstrjited 
the subject, in connection with the other passage; we will only repeat 
here that, planets being regarded as standing in the order in which 
they are mentioned in verse 31, above, their successive regency over the 
hours is the one liMulamental fact upon which all the rest depend, cadi 
planet being constituted lord also of the day whose first Jioiir is placed 
under his charge, and so likewise of the month and of tlie year over 
whose first hour and day he is regent—neither the month nor the year, 
any more than the hour itself, being divisions of time which .are known 
to the Hindus in any other uses, .and the name of the hour, AoM, which 
is the Greek betraying the source wlicneo the whole system was 
introfliiced Into India. 

80. The orbit (jeakshu) of tlic aRteri.‘TO.s {Uia) is tlio circuit 
{bhramaim) of the sun multiplied by sixty : by so many yojanas 
docs the circle of the astcrisrns revolve above all. 

81. If the stated number of revolutions of the moon in an 
.^011 {kaljpa) be multiplied by*thc moon’s orbit, the result is to 
be known as the orbit of the ether: so far do the rays of the sun 
penetrate. 

82. * If this be divided by the number of revolutions of any 
planet in an .<7*ibn {kdlpa)^ the result will be the orbit of that 
-planet: divide this by the number of terrestrial days, and the 
result is the dally eastward motiem of them all. 

83. Multiply this number of yojanas of daily motion by the 
Dibit of the moon, and divide by a planet’s ow|t^ orbit; the re¬ 
sult is, when divided by fifteen, its dwy motion in minutes. 
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84. Any orbit, multiplied by the earth's diameter atid div^ed 
by the earth’s ciroumference, gives the diameter of that oroit; 
and this, being diminished by the earth’s diameter mid halved, 
giv^ tlie distance of the planet. 

85. Tlie orbit of the moon is three hundred and twenty'four' 
thousand ynjnnas : that of Megsury’s conjunction ({!^/ira) is one 
million and forty-three thousand, two hundred and nine: 

86. That of V'euus’s conjunction {t^'ighra) is two million, six 
hundred and sixty-four thousand, six hundred and tiiirty-eeven: 
next, that of the suii, Mercury, and Yenus is four million, three 
hundred and thirty-oiie thoiisiind, live hundred: 

87. That of Mans, too, is eight million, one hundred and forty- 
six thousand, nine hundred and nine; that of the moon's apsu 
(ucccf) is thirty-eight million, three hundred and twenty-eight 
thousand, four hundred .anil eighty-four: 

88. That of Jupiter, nny-ono million, three hundred and sev¬ 
er) ty-five thousaiifi, seven hundred and .sixty-four: of the moon’s 
nocle, eighty million, live hundred and seventy-two thousand, 
eight hundred and sixty-four: 

89. Next, of Saturn, one hundi-cd and twenty-seven million, 
six hundred and sixty-eight thousand, two liundred and fifty-five: 
of the a-sterisms, two hundred and fifty-nine million, eight hun¬ 
dred and ninety thousand, and twelve: 

90. Tlic entire circLimfcrence of the sjdicre of the Brahma-egg 
is eighteen quadrillion, seven hundred and twelve trillion, eighty 
billion, eight hundred and sixty-fou^million: within this is the 
pervasion of the sun’s rays. 

m 

Wc present helow the niimerirnl data given in these verses, in a form 
Knsier nf rufereiice and of comparison with the like data of otbfer 
treatises: • 


Flanpt etc. 

OrUt, in jojanu. 

Muon, 

3 a 4 ,ooo 

" apsis. 

38,3a8,484 

“ node. 

80,579,864 

Mercury (eonjunction). 

1,043.909 

Venus (conjunctidn), 

s,664.637 

Sun, 

4 , 33 i,Soo 

Mnrs, 

8.i46.909> 

Jupiter, ^ 

51 . 375-764 

Saturn, 

197 . 668.955 

asterisius, 

959.890^0191 

Universe, 

18,719,e8o,864,ooo'.Aio 


We have already more than once (see above, notes to i. 25-27, and# 
iv. 1) Jiad occasion tb notice upon what principles the orbits of tlie plan¬ 
ets, ait hero stated, were coiistmctod by the Hindus. That of the m^on 
(sec note to iv. 1) was obtained by a true process of calculation, from 
genuine data, and is a tolcral^c approximation to the truth: sill thb 
' S3 
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otli^n.are innnufactnred ont of thiH.u|ion the arbilran'aiul false asaump* 
tioii that tlie nieairmotion of all the planets, each upon its own orbit, is 
of equal absolute amount, niid hence, that ita apparent value in each 
case, as seen by us, is inversely ns the planet's distance, or that the di- 
‘ inensicins of tlie orlut are di:-cctly as the time employed in travursinir 
it, or .IS the period of siiiereal revolq|i«n. These dimensions, then, may 
bo fonml hy A-arious methods: upon diA idinj; the oircumference of tlie 
moon's orbit h}' lier time of sidereal revolution, Ave obtain as the 
anioniit of her daily motion ia yojaiins 17 nearly (more exactly 

1 l,sri!*.71(i03+); and multiplying this by the time of sidereal revolu¬ 
tion of any planet, aa'o uhlain that planet's orbit. This is equivalent to 
making the proportion 

moon's sid. rev.: planet's sid. rov.:: moon's orliit: planei’s orbit 

And since the times of .siilercal revolution of the planets arc inversely 
as the. number of revolutions made by them in any given period, this 
prupoition, again, is eqniA’alcnt to 

plsnet’s no. of rev. in an .Kon : moon's dn.: : ninnn'R orbit: plniict's orbit 

This is the form of the. pruportiuii from Avhich is derived the-nilc a« 
stated in the text, only the latter ilesignalcs the product of the multi¬ 
plication of tlic moon's orbit by her number of revolutions as the orbit 
of the ether (Akdca), or the eircuinfercnce of the n|;ahnia-egg, AA’ltliin 
Avhich the Avlude creation, as abim* bought, is enclosed. This is tlic .saim' 
thing AA'itli attributing to the outermost shell of the universe one coin* 
plete jerolutiun in an /Kon {kalpn), of 4,820,000,dOU year.s. 

There is one fi*ature of the system cx])oscd in ibis pas-sage Avhieh to 
ns is hitherto quite iue.\pli<:ahle: it is the a«sigiiinent to the nsterisms 
of an orbit sixty times ns greaf ns that of the sun. This, according to 
all the analogies of the systiun, should imply a revolution of the n-stcr- 
Isms eastAvard about the earth once in each period of sixty siilercal veal's. 
The same orbit is fiMind allutteil to them in the SiiMhiiuta-^'iroinani 
(Ganitadhy., ia'. o), and it is to he looked upon, N'.eordiiigly, ns an ivs- 
scnlial part of the general Hindu nslronomical system. We do not sec 
iiow it is to be bn)aght into coniicciicMi Avitli tlic other doclrinc.s of -the 
system, or AA-hat can be its origin and mipiirt—niiU-.'ts, indeed, it be 
merely an apjdiontion to the astcrisms, in an enlirely arbitrary way, of 
the general Ihai* that everything iimsl bn inade to revolve about the 
earth as a centre. \Vo hai'c noticeil aboA-e (liote to iii. 0-12) its inuoii- 
sistcricy Avitb the doctrine of the pruccs^iun adtqitcd in this treatise. 

The dimensions of the sevcsral orbits stated in tlie text are for the miosl 
part 001 * 1 * 60 . 1 , being such us are derived hy the processes above expliiined 
from the nmnbors t>f sidereal revolutimis giA'eii in a former passage (i. 29 
-34). There is, how'cvcr, one exception: the orbit of Mercury, .‘is so 
derived, is 1,043,207.8, and the number adopted by the text—which re¬ 
jects fractions throughout, taking the nearest whole number—should he, 
^acnordiiigly, — 208, and not — 200. If avc took os divisor the immlici* of 
Mercury's revolutions in an yixon as corrected by the bija (see note to 
i. fO-34), we should actually obtain for hia orbit the value given it by 
tkd text; the exact quotient being 1,048,208.73. But aa none of the 
other orbits given arc such as ivould bcYound by admitting the Revoral 



Tranahtion and Notes. 


255 


xiii. 

correotioDii of tbe bija, it seems preferable to assume that the text has at 
this point become corrupt, or else that the author«of the chapter made 
a blunder in one of his calculations.* ^ 

The value of a uiiniite of arc upon the moon’s orbit being fifteen yo- 
janas (sec note to iv.'sl*-3), the vahie, in minutes, of any planet's mean 
d.'iily motion may be readily found from its orbit by the proportion of 
which the rule given in verse 83 is it statement, as follows: as the dis¬ 
tance, or the ormt, of the planet iii quc*^^tioii is to that of the moon, so 
is the moon’s mean motiou in iniuutes, or 11,^58.717 15, to that of 

the planet. 

In i'crso 84 we arc taught to calculate the distance of any planet from 
the earth’s surface : in order to this, we are liivt to find the diameter of 
the planet’s orbit, adopting, as the ratio of the diameter to tlic circum¬ 
ference, tliat of tlie diuincter to the cireuinfcM'nee «if the earth—the for¬ 
mer, of course, as calculated (i. 59) by the false ratir> of I : ^10. After 
being guilty of so gross an in.a-'ciirai'y, it is ipfito suporfiuons,'and a mere 
.‘ifft'clalion of exactness, to t.'tkc into acconiit so trivial a ({uautity as the 
radius of the cai tli, in ustiinntiiig the phiiicl's distance from the eailh. 

Ill the doetriiie of the orliits of the planets, as here laid down, we 
have once more a total negation of the reality of their cpieyclical mo¬ 
tions, and of their eonserjui-ntly varying distances from the earth in dif¬ 
ferent parts of their revoliitieus. 


C IT .\ ]' T !•: U XIII. 

OF THE AnMlLI.AllY SPlIKHl?, .VND OTHER lXSTBUME::fT3. 

CojfTESTs:—-l-l.'J, t*on«-lruc.ti:ni and rqiiiiniient of tlic armillary sphere; 13 -lS, poK 

sitioii of certain pointii iiinl sines upon it; 1 .'i- 16 , its nilji 1.111111*111 and revolution; 

17 - 25 , other instruments, especially lor the duterniiiiaiiun of time. 

1. Then, having bathed in a secret and pure place, befingpure, 
.adorned, baving worsihipped with devotion the siifi, tlie planets, 
tlic astcri.sina (6/«0, and the clve-s {^u/ii/aka), 

2. Let the teacher, in order to the in.strirction of the pupil— 
himself beholding everything clearly', in accordance with the 
knowledge haiulcd down by suece&sive communication, and 
learned from the mouth of the master {gimi )— 

3. Prepare the wonder-working ilibriu o" the terrestrial and 
stellar spuere. {bhuUMf/ola) . • • 


* Tlio lost six verses of the cliaptcr, which cnnUiin the niimcrical data, may very 
possibly In: u later addilum to its original coiitfiit: lliu Ayiii-.^kbiiri (as translated 
by Glullwin), in its account of tho astronomy of the llindus, which it professedly 
bojiSa upon the Sdrya-Siddlifintn, gives these orbits (Svo. edjliflii, London, ISuO, 
ii. &U6), but with the fractiunul parts of yojanas, ns if independently derived from 
tiin data and by tho roles of tbe text: tbe orbit of Mercury it atateo correctly, as 
l,043.S07f yojanas. 
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We hftTc already remarked above (note to xii. 1-0) that the subject 
of this chapter is one respecting whitm no inquiries n erc addressed at 
the beginning of the preceding chapter by the recipient to the commu¬ 
nicator of the revelation, and that the chapter accordingly vrearo in some 
measure the aspect of an interpolation. It comes in here as turnisliing 
a means of illustrating to the punil the mutual relations df the earth 
and the heavens as explained in tne last chapter—and yet not precisely 
as there explained; for it gives a representation only of the earth and 
of the one starry concave upon which the apparent nioveiiicnts of all 
the heavenly bodies are to be traced, and not of the concentric spheres 
and orbits out of which the universe has been declared to be constructed. 
The chapter has a peculiar title, unlike that of any other in the treatise ; 
it is styled jyotiahapaniMhadadhy&.tja^ “lection of the astronomical Upa- 
nishad." Upanishad is the name ordinarily given to such brief treatises, 
of the Jater Vedic period, or of times yet more modern, as arc regarded 
as inspired'sources of philbsophicul and theological knowledge, and arc 
looked upon with peculiar revereiioc : its ni)plication to this chapter is 
equivalent to an assumption for it of especial sanctity and authority. It 
may possibly also indicate that the chapter is ongiiinlly an independent 
treatise, incorporated into the text of the Sfkrya-Siddhanta. 

The word 6Aa, in verse 1, may mean either the nsterisms proper 
(na£vAa/ra), or the signs (rdyi), and is explained by tlie coiiiincntntur as 
intended to include both. The tixthycfias, “secret ones” arc a class of 
demigods who attend upon Kuvera, Tlie gnd uf wealtli, and are the 
keepers of his treasures: why they are mentioned here, ns objects of 
especial reverence to the astronoinicHl teacher, is not obvious. Tlic com¬ 
mentator explains the word by “ Yakshas cte., lessor divinities.” lii cur 
translation of verse 3 we have followed the readiiij^ uf the published 
text, which Colebrooke also appears to have had betore biin ; our own 
manuscripts read, instead of bhubhagoluy bhumiyoln and Niiimer yo/a, 

* sphere of the earth” simply. 

Colebrooke, in his essay On the Indian and .Arabian Divisions of tlie 
Zodiac (As. lies., ix. 323 etc.; Essays, ii. 321 etc.) to wliich we have 
already sq often had occasion to refer, gives a tran^lntion of part of this 
chapter, from the beginning of the thinl *o the middle of the thirteenth 
verse, as also a brief sketch of the armiliary splnirc of which the con- • 
itruction is taught ill the Siddlmiitu-t^'iromnni. flu farther fiiniislies a 
description, and a comparison with these, of the somewhat similar iii- 
striimciita employed by the Orecks, the Arabs, and the early Eiirnpenn 
utronoiners. It lias not seemed to ns worth while to extract these d*- 
BcriptioiiB and comparisons, or to draw up others from independent aiui 
original sources: the object of the Hindu instrninent is alu^etlier dilfer- 
ent from that of the others, since it is intended merely as an illiistraticjti 
of the positions and motinns of the heavenly bodies, while those arc 
meant to subserve the purposes of astronomical observation; and its 
relation to them is determined by this circumstance: while it, of course, 
possesses some of the cirqlcs which enter into the construction of the 
others, it is, upoifthe whole, a very different and much more complicated 
and cumbersome structure. Thcr^ is nothing in the way of supposing 
that the first hint of its construction may have been borrowed from the 
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instramcnts of western nations: but, on- the other hand, it may possi¬ 
bly admit also of being regarded as an independent Hindu device. . 

3.... Uaving fashioned an earth-globe of wood, of the de¬ 
sired size, 

4. Fix a stair, passing through the midst of it and protruding 
at either side, for Mcru; and likewise a couple of sustaining 
hoo{)s {IcaksM)^ and the equinoctial hoop; 

5. These are to bo made with graduated divi.sions (an^ufa) of 
degrees of the circle (phagana). ... 

TIic fixing of a solid globe of wood, representing the earth, in the 
midst of this instrument, is of itself piiough to render impracticable its 
application to pniposcs of astronomical ob.cervation. For Mem,-the 
axis and poles of tlic cartli, see verse 34 of the preceding cliuptcr. We 
arc not informed of wliat rcl.-tiive si/c the globe and tlic encompassing 
hoops an*, to be iiiiidc.; probnlily their relution is to be such that the 
globe will be a small one, rontiiined within an nmplo sphere. The two 



the avis at right angles to one nnotlier, an«l to represent tlic equinoctial 
anil solstitial e.oliircs. The ooinnii'iitarv ilirer-tly pri-scribes thi«, and the 
text also assumes it in a later passage (v. 10). 

('ok-brooke, following tlie giij^aiici: of tin' commentators, treats the 
f'iniicr ludf of versi*as beluiigiiig to the following pas.sagc, instead of 
tliu preceding. It can, hnwen-r, admit of no reasonable question that 
the connci'lioii ns established in oiir trandation !«• the true one: it is dc- 
imindeil by tlie natural construction of the versos, and also yields a de¬ 
cidedly prc'fi'iable .scn.se. 

•» 

5. . .. Further—by means of llic several day-radii, as adapted 
to the soul<^ estublislu'd for tho-so oilier circles, 

6. And by means of the dcgree.s of declination and latitude 
(yi/eshepa) marked otf upon tlio hitU:r—at their owu respective 
distances in (ioclination, according to the declination of Aric.si 
etc., three 

7. llfjop-s arc to bo prepared and fastened : tlie.se answer al.?o 
invt r.soly for (.’anc<?r etc. In the same nicanncr, three for Libra 
etc., answering also inversely for Capricorn etc., 

■ 8. And situated in the southern hemisphere, are to be made 
and fa.stcncd to the two lioop-snpportcrS. . . . 

The grainimitieal ooiKstruelion of this passage cxcesaivcly rnmbrous 
and intricate, and we can hardly hope that the ^ ‘isiou which we have 
given of it will be clearly iindcr-slood without fartlicr cxplanatiAis. Its 
meaning, however, is free from ambiguity. We have tlins far only three 
of the circles out of which our instrument is to be constrncted, namely 
those intended • to represmt the two eolures and ihee(|nator: wc arc 
next to add hoops for the ilhirnal circles described by the sun when at 
the points of connection between the different signs 'of the zodiac. Of 
these tliufe will be, of coarse, three north of the equator, one for the 
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tarn at the end of Aries and at tlic beginning of Virgo, one for the sun 
at the end of Taurus and at the beginning of Leo, and one for tiiQ sun 
at tiie end of (ieniini and the liegiiining of Cancer, or at the sotslicc: 
also, in the southern licmispheru, three otlicrs corresponding to these. 
The dimensions of which tlioy must be made arc to be dclerinined by 
their several radii (which arc called diiy-riulii—see above, ii. OO), as 
ascertained by calculation and reduced to the same scale upon w'liich the 
cohirus and equator were constructed. They arc tlicii to be attaclied to 
the two geiicnil snppoiling hoops, or colnres, each at its proper distance 
from the equator; this distance is ascertained by calculating the dccii* 
nation of the sun when at the points in question, and is 'determiued 
upon the instrument by the grailuation of the two supporting hoops. 
This graduation is in the text culled that for declination {kr&nti) and 
latitiulo {vikxhepa): it will be rcnicmbercd that, according to Hindu 
usage, the latter means distance from the ecliptic as mesuured upon a 
cirdc of dc'cUnation. 

8. . . . Those likewise of the astcri.suis {hha) situated in the 
southern and northern licmisphcre.s, of Abhijit, 

9. Of the Seven Sages {saptarshayas\ of Agastya, of Brahma 
etc., are to be fixed .... 

If the orders given iu these verses arc to be strictly followed, our instru¬ 
ment must now be burdened with fort^wo additional circles of diurnal 
rcvohilion, namely those of the twoiiW-suveii junction-stars 
of the astcrisms and of that of Abhijit—which is here espccinliy men¬ 
tioned, ns not being always rtinkcd among the astcrisms (see above, 
p. 208 etc.)—those of the seven other fixed stars of which the positions 
W'ere staled in the eighth ch.-qUer (vv. 10-12 and 20-21), and also those 
of the Seven Sages, or the coiispicnons stars in Ui'sa >fiijoi- (sec end of 
the last note to the eighth chiqitcr). Sueh iin])riieticali]e directions, 
however, cannot but ins]uri; the siispieioii that tliu instrunient may never 
have been constructed exe,cj>t upern payter. 

9. . . . Just ill the midst of all, the orpiinoctial iydishuvati) 
hoop is fixed, 

10. Above the points of intersection of that and the support¬ 
ing hoops are the two solstices {nyarui) and the two equinoxes 
{vishuvat) .... 

Wo have already noticed (note to iii. G) that the celestial equator de¬ 
rives its name from tlic oquiiioxcs through which it passes. It seem.- a 
little strange that the adjustment of the* hoop representing it to the two 
supporting hoops, which we should naturally regard os the first step in 
the construction bf the instrument, is here assumed to be deferred until 
after all*the other circles of dcclipation are fixed in tlieir places. 

. The word translated “ above” {^rdkvam) in vci’se 10 requires to be 
understood in two very dill'ercnt senses, as is pointed ont by tlic com¬ 
mentator, to make the .definitions of position of the solstices and of. the 
equinoxes both correct: the latter arc situated precisely at the intersec¬ 
tion of the equinoctial eolure with the equator; tlie former at a distance 
of 24° above and below the intersection of the equator with the other 
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colare^ or at the intemcfion of the colure with the third parallel of the 
sun’s declination, on either side of th^equator. 

Wc'arc next taught how to fix in its proper position the hoop which 
is to represent the ecliptic. 

10. . . . From the place of the equinox, with the exact num¬ 
ber of degrees, as proportioned to the whole circle, 

11. Fix, by oblique chords, the spaces (kshetra) of Aries and 
the rest; and so lilcewise another hoop, running obliquely from 
solstice (ayana) to solstice, 

12. And called the circle of declination {krdnti): u|:K>n that 
the sun constantly revolves, giving light: the moon and the other 
planets also, by their own nc^es, which are situated in the eclip* 
tic {apamandida), 

13. Being drawn away from it, are beheld aj; the limit of their 
removal in latitude {vihhepa) from the corresponding point of 
declination. ... 

[nstcad of sinqily directing th<at a <'irclc or hoop, of the same dimen¬ 
sions as those of the equator and oolni'cs, he constructed to .represent the 
erliptir, and tlu>)i nttarhoil to the ntiiors at the equinoxes and solstices, 
the text ri'gsir^s it as iioi'cssary to fix, upon tlie six diurnal circles of 
the snn of which the construction and adjii-siincut were taught above, 
in verses ^8, the points of <liVision of all the twelve signs, before 
the ocliptie hoop can he added to the instnimont. In the compound 
tiryafijiiHy in vom* 11, which wo have rendered ** oblique choi*ds,” we 
oonccivc/i/d t4.> have its own inon' proper Tucaiiiiig of “chord," instead of 
that of “sine," which, by suhstitiilioii fur jytirdha (see note to ii. ]o-27, 
near the end), it has hitherto unifonuly borne. We are to asccilaiii by 
calculation the inca.snre of the chi>rd of 30^, to reduce it to the scale of 
diuieiiMons adopted fur the othor great circles of the instruraeiit, and 
then, commencing from cither equinox, to lay it otl', in an oblique dircc- 
tioiC to the successive diurnal circles, northward and southward, thus 
fixing the positions upon tliem of the initial and final points of the 
twelve signs; and through all these points the ecliptic hoop is lobe 
made to pass. 

It does not appear that separate hoops for the orbits of the other 
planets, attached to the eelijitic at their respective nodes, arc to be ad¬ 
ded to the instrnnient. 

In verse 12 wchavc a name for the ecliptic, apamandala^ which docs 
not occur elsewhere in the treatise. The word might be literally trans¬ 
lated “ ofF-circIc," and regarded as designating ibc circle which deviates 
in direction from the neighboring equator: but -t is more probably an 
abbreviation for apakramamandala^ which would mean, like the ordinary 
terms kr&niimandalaf hrantivrilQ^ “ circle of decimation." 

18. . . . The orient culiptic-point (fa^na) is that at the orient 
horizon; the Occident point {flstamgnuihat) is similarly determined. 

14. The meridian ecliptic-point (madlAf/ama) is as calculated by 

the equivalents in right ascension for mid-heaven 

{khamad/iyay above. The sine which is between the meridian 
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(madhya) and llie horizon, {kshiiija) is styled the clay-measure 
{antifii). ' * ® 

15. And the sine of the sun’s ascensional difference {earadala) 
is to be rceojriiixcd as the interval between the equator [vishuva^ 
and the horizon. ... 

l'h<*sc verses f'oittaiii an iiniiocos'inry anti frnj];mpiitary, as also a con* 
fuspil ant) liliiiuloi'iiifT, definitiun of the positions U])on the sphere of a 
few ainoin; the points and lines which lit-ive been used in the calculations 
of the earlier parts of tin' treatise. We are unwilling to believe that 
the piisKure is anything hut a late interpolation, made hy an awkward 
hiiiid. For the point of tin- ecliptic termed &i/'/a<i, or that one which is 
Hi any given moment passing the e.astcrn horizon, or rising, see iii. 40- 
48, and note upon that ])assagc. llie like point at the western horizon, 
which the eoniincntator hero calls astatuffmty “ hyna of setting,’' and 
which the text dirccls us to tiiid “ in a corresponding iiianiicr,” has never 
been named or taken into account anywhere in the treatise: we have 
seen above (as for instance, in i\. 4-5) tlilit all its processes into which 
distance in nseension enters as an element are transferred for calculation 
from the Occident to the orient horizon. For inndkyalainui, the point 
of the ecliptic situated upon the meridian, see aliovu, iii. 10 nn<l note. 
Although wethavo ordinarily trunsl.-tted the term by “mcridiaii ediptic- 
point,’’ this being a convenient ami exact ddinition of the point artiially 
rcfgrrcil to, w’c do riot regard the word tnailhi/Uf occurring iii^ as iiieun* 
ing ‘“meridian” in the sei.se in whieh it is used in modern astronuiny, 
namely the great eircle passini; ihroiigli the ohserver's zenith ami the 
north and south points of his liorizoii. For it deserves to-he noted that 
the text has no distinctive name Inr tlie meridian, and iiowiicrc makes 
ray reference to it us a circle u]i tin! s]>hore: it will he. seen just below 
that, while the p(«sition of the horizon is delincd, the nieriJiaii is not 
contemplated as a ein;lc of sntiieient coiisef|nenuc to rc(|nii'c to he rep¬ 
resented upon the illustrative armillai'V .'%]>licr(‘. The eummeutator nut 
very infrequently has occasion to speak of the meriilian^and styles it 
y&myoUano'Ttta, “south ami north r-irdo," or urdhmyfimyoitaravrtta^ 
“uppermost south ami north eircle.” In the hitter lialf of \er.se 14, 
where we have tran.'«lateil niadhya by “ ineriJiun,” it woulil have been 
more exact to say “ mid-heaven,’' or the siin at the middle of hi.s visi¬ 
ble revolution,” or “ the sun wlien at the point called madhyalayna'* 
For the “ day-iiicsufurc” (uii/y/:), sec above, iii. 34-:iC. Its definition 
given here is as bad as it rfnilil .well he : for, jtassing over the fact that 
the line, in r|ncstioii is not pro[icrly a sine, ami moreover that the text 
does not tell us in wliich of the immhcrless possii)le dirce.tioiis it is to be 
drawn from the meridian to the horizon, the line whieh it is attempted 
to describe is not the one which the treatise reganls as the antyd^ but 
the correspondent of the latter in the sniall circle described hy the siin. 
That is to say, the text here substitutes the line DA in Fig. 8, above 
(p. .88), for tlic line E G. A similar blunder is made in detining the 
aine of the sun’s ascensional diAerence (earajyd) : the line A B in the 
same figure, which is the *' earth-sine” (la/j'yd, kahilijy&\ is taken, in¬ 
stead of its equivalent i|K terms of a great circle, C G. • Moreover, the 
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'text reads “equator” (vwAuvaf—EC to the figtt^y^liere for “cast and 
west hpur-oirclo” {nnmandala —CPipthe commentator restores 
laUcry and excuses the substitution ^ a false translation of the latter 
half of iii. 6, making it mean “ the east and west hour-circle is likewise 
denomiiiatofl tim e(|uiiioctial circle.” 

In verse 14, lunkodayja is substitnted for the more usual term hmko- 
day&Mvat^ (sec above, iii. 49, and note), in tho sense of “ equivalents of 
the signs in right ascension,” literally, “ at Lankh.” 

15. ... Having turned upward one’s own place, the circle of 
the horisson is midway of the sphere. 

IG. As covered with a casing (vasCm) and as left uncovered, 
it is the sphere surrounded by Lokaloka. . . . 

The simple direction to turn upward one's own situation upon the 
central wooden globe which represents the earth docs not, it is evident, 

' contemplate any very careful or exact adjustment of the instrument. 

Verse 10 is very elliptical and obscure in its expressions, but their 
general iiicaning ia plain, and is that which is attributed to them by ihe 
commentator. The proper elevation having been - given to the pole of 
the sphere, a circle is by some means or other to be fixed about its 
midst, or equally distant from its /.euith and nadir, to rcj)rescnt the 
horizon. Then the part below is to he eiu^ased in a cloth covering, {he 
upper hcmis])herc alone being Io.flt open. As thus uraiigerl, the sphere 
is, as it weae, girt about by tbe Lokaloka iiioinitaiiiH. Lol^loka is, as we 
have seen above (note t«i xii. ;i 2 - 44 ), the name of the giant mountain- 
range which, ill the J'uranic geogrn])hy, is ina'lo the boundary of the 
universe: it is apitareiitly so called because it separates'thc worfd (lo&a) 
from the. non-worhl (aloia ); and .is out of the L'uranic Mcgii tlie new 
astronomical geography makes the axis anil pole.sof Uie earth, so out of 
tliese mountains it niake-s the visible horizon. 

The “ wonder-working fabric of tin* terrestrial and stellar sphere” is 
now fully constructed, and only rcijiiii'es fiirthor, in order to its comple¬ 
tion as an edifying and iiKstruetivo illiistratioii of the relations of the 
heavens to the earth, to be set in motion about its fixed axis. 

16. . . . By tbe application of water is made ascertainment of 
the revolution, of time. 

17. One may obstruct a* splicrc-instrurnent combined with 
quicksilver: this is a mystery; if plainly described, it would be 
generally intelligible in the world. 

18. Therefore let the supreme sphere be constructed according 
to the instruction of the preceptor (yuru). In each successive 
age (yuf/a), this construction, having become .ost, is, by the Sun’s 

19. Favor, again revealed'to some one or other, at his 
pleasure. . . .- 

Here we have another silly mystification of a uniple and comparar 
lively insignificant matter, like that already noticed at tho end of the 
sixth chapter. Tbe revolution of the machine of which the construc¬ 
tion has now been explained, in imitation of the aqjtoal motion of .the 

34 



262 [xiiL 10* 

4 

about the eartfa^ is something, bo caloulatoiito strike the .minds 
of^e uninitiated with wondei!||^hat the meane by which it is to be 
•ccompliehcd must not be fully explained even in this treatise, lest theT 
should become too generally known: they must 'be learned by each 
pupil directly from his teacher, as the latter has received them by suo- 
ceuive tradition, from the original and superhuman source whence they 
came. It is perfectly evident that such a fabric could only be made to 
revolve in a rude and imperfect way; that it should have marked time, 
and continued for any period to corres^nd in j^ition with the actual 
sphere, is impossible. 

Tlie word .which, upon die authority of the commentator, we'have 
rendered “water,” in verse 16, b amrlasrAva^ literally “having an im< 
mortal flow”: perhaps the phrase should be tranuated rather, “by 
managing a constant current of water.” 

19. ... So also, one should construct instruments (panfra) in 
order to the asceHainment of time. 

, 20. When quite alone, one should apply quicksilver to the 
trondei^causing instrurnen t. By the gnomon {garlku\ staff (yaahti)^ 
arc {dhanus\ wheel {cakra)^ insti'uments for taking the shadow, 
of various kinds, 

21. According to the instruction of the preceptor (^ru), is to 
be Igaiued a knowledge of time by the diligent. ... 

The commentator inteiprcts the first part of verse 20 in eorrespond- 
ence with the sense of the preceding passage: the application of mor- 
eur^ to a revolvnig machine, in order to give it the appearance of auto¬ 
matic potion, must be made privately, lest peo^ understanding the 
asethod tOQ well, should cease to wonder at it. ^e instruments men- 
tioned in the latter half of the same verse are expluned in the com¬ 
mentary simply by citations from* the yantr&dhy&ya^ “ chapter of instru¬ 
ments,” of the Siddhftnto-^iromnni (Gol&dhy., pp. 111-130, published 
oditiou). We. will state, as briefly as may be, their character: 

The gnomon (^anibu) needs no explanation; its construction and the 
method of using it have been fully oxliibited in the third chapter of our 
treatise. The “ staflf-iflStrumeiit” {ymhiiyanira) is described as follows. 
A circle is described upon a level surface witli a radius proportioned to 
that of the sphere, or to tabular radius, Ite carcypal points arc ascer¬ 
tained, and its east and west and norih and sonth diameters are drawn. 
From the former, at either excreinity, is laid off the sine of amplitude 
(ayrd) ascertained by calculation for the given day : the points thus de¬ 
termined upon the circumference 'of the circle represent the points on 
the horiaon at which tiie sun rises and sets. Another circle, with a ra¬ 
dius proportioned to that of the calcnlafed diiimal circle of the day 
» abo described about the centre of the otiier, and is divided 
into sixty ejqual parts, representing the division of the sun’s daily revolu¬ 
tion into sixty nk^s. Into a depmssion at the centre, the foot of s 
staff (yasAri), eqnid in len^ to the radius of the brger circle, b loosely 
iner^ When it b desired to ascertain the time of the da^f, this stim 
fi pointed^ directly toward the ran, or in sidsh manner that it casts no 
rfnidpw; ite extremity then represente the place of the sim at the 
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'mommit hmti Jthe iphen. Measure, ly a atiel^ the dutnce id that 
extremity nrom the point of sunrue o^f sunset: this will be the chord 
of that part of the dinmal circle which is intercepted between the sun's 
actual position and the point at which ho rose, or wili set: ihe value of 
the correspondine arc in nftdls may be ascertained by apptyiqg the stick 
to the leaser graduated circle. The result is the time nnce sunrise, or * 
till sunset. 

The "wheel” {cakr/i) is a very simple instrument for obtaining, by 
observation, the sun's altitude and zenith-distance.' It is simply a meel, 
suspended bv a string, g;raduated to degrees, having its lowest point 
and the extremities of its horizontal diameter distinctly marked, and 
with a projecting Mg at the centre. When used, its edge is tnrn^ to¬ 
ward the sun, so that the riiadow of the peg falls upon the graduated, 
peripheiy, and the distances of the point where it meeto the latter from 
the horizontal and lowest points of the wheel respectively are the 
required altitude and zenith-distance of the sun. From these, by the 
methods of the third chapter {iii. 37-39), the time may be derived. 

The “arc” {dhanua) is the lower half of the instrument just described 
—or, we may also suppose, a quadrant of it; since only a quadrant is 
required for making the observations for which tne instrument is em- ■ 
ployed. 

21. Bj water-mstrumenta, the vessel {Jeapdla) etc,, by the pea* 
cock, man, monkey, and by stringed aand-reoeptacles, one may 
determine time accurately. 

22. Quicksilver-holes, water, and cords, ropes and oil 

and water, mercury, and Band arc used in these: these applica¬ 
tions^ loo, are difficult. 

The instruments and methods hinted at in these verses are only par¬ 
tially and obscurely explained by the commentator. The kapAla, “ enp” 
or “hemisphere,” is doubtless the instrument which is particnlariy 
described oelow, in verse 23. Tlic nara, “ man,” is also spoken of b^ 
low, in verse 24, and is simply a gnomon; it is perhaps one of a partic¬ 
ular construction and size, and so named from havii^ about the height 
of a man. The peacock and monkey are obscure. The “sand-vessels’' 
{nnupnrHa^f winch are “ provided with cords” (sasCtra), are probably 
suspended mstrurocnls, of the general character of our houf^asses. 
The commentator connects them also with the “peacock,” as if the 
latter were a figure of the bird having such a vessel in bis int^or, and 
letting the sand pour out of his mouth. In illustration of thw “quick- 
lilvc^ofes” ^pdroddrd) a passage is cited from the Siddhknta-Qironaapi 
(as above), giving the description of an instruii.ent in which they are 
applied. It is a wheel, having on its outer edge a number of holea^ «f 
equal size, and at equal distances from one another, but upon a ligyvg 
line: these holes are filled half full of mercury, and popped at the oi^ 
^ : and iWis claimed that the wheel will then, if snpMrted npon an 
axis by a couple of props, revolve of itself The application of this 
method may well enou^ be styled “difficult'': if a machine so con¬ 
structed would work, theVindua would be entitled to the credit of 
having solved the problem of perpetual motion. The deaeriptioai ef 
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pne or two other somewhat similar machines are also cited in the coin<' 
mentaiy from the Sidilli&ntR-^ir#iani: the only new feature worthy of 
notice which they contain is the application of the siphon, or bent tube, 
in emptying a vessel of the water it contains. 

It wifi hpve been noticed that, throiigliont the whole of this chapter, 

* the different parts or passages end in .the middle of a verse. In the 
twenty-tirst verse the coincidence between the end of a passage and the 
end of a verse is rc-establishkd, but it is at the cost of such an irregular¬ 
ity as is nowhere else committed in Uie treatise: the verae is made to 
consist of three hnlf- 9 lokas, instead of two, the whole cliapter being 
thus allowed to contain an uneven number of lines. Thci^ arc two nr 
throe very siiperflaons Fialf-verscs at the beginning of the chapter, the 
omission of any one of which would seem an cosier and preferable 
‘method of restoring the regular and connected construction of the text- 

23. A copper vessel, with a hole in the bottom, set in a basin 
of pure water, sinks sixty times in a day and night, and is an 
accurate hemispherical instrument. 

This instrument appeal's to have been the one most generally and fro- 
quently in use among the lijndiis for the incasiircmcnt of time: it is the 
only one described in the Aytn-AkbarL (ii, 302). One of the common 
juime.s for the sixtieth p:ul of the day, phati or ghatiM^ literally “ves¬ 
sel,*' is cridently derived from it: the other, nadi or n&dikA^ “ reed,” 

f trobably designated in the Hr-^t place, .and more proper!}’, a measure of 
ength, and not of time. A verse cited in the commentary to this pas¬ 
sage gives the form and diincnsiuns of the vessel used: it is to be of ten 
palai* weight of copper, six digits {angula) high, and of twice that width 
at the mouth, and is to contain sixty palas of water: tlie hole in the 
bottom through which it is to fill itself is to he such as will jii.st admit 
a gold pin font- digits j[ong, and weighing three and a tliiiri mdshat. 
The description of the Ayin-Akbari does not precisely agree with this; 
and it is, indeed, sufficiently evident that an inatrninent intended for 
such a purpose could not be aceur.atcly eonstmeted by Hindu workmen 
from measurements alone, but would have to be tested by comparison 
with some rccoggused standarrl, or by actual use. 

24. So also, the man-instrument (narayantra) is in tho 
day-time, and when the sun is clear. The b6st determination of 
time by means of dcierminations of the sliadow has been ex- 
plaincdw 

We have already noticed above, under verse 21, that the nara was a 
simple gnomon. The explanations here referred to are, of course, those 
which are presented in the third chapter. 

The concluding verse of the chapter is an encouragement held out to 

4he astronomical %UldeDt. . 

• • 

25. Tie who thoroughly knows the system of the planets''and 
asterisms, and'the sphece, attains the wwld of the planets in the 
succession of births, his own possessor* 
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CHAPTE^l XIV. 

OP THE DIFFERENT HODES OP RECKONING TIME. . 

OownRB:—l-i, enumeralion of the modes of measuring time, and general explin- 
ation of their usen; 8, solar time', 4-6, of the periods of eighty-six days; 7-11, 
of poin^ and dirisions in the sun’s reroliition; 12-13, lunar time; 14, time of the 
Fathers; 16, sidereal time; 16-16, of the months and their asterisms; 17, of the 
twelve-year cycle of Jupiter; 18-19, civil, or mean solar, time; 20-21, time of 
the gods, Prajflpati. and Brahma; 22-26, conclusiun of the work. 

1 

1. The modes of measuring time (mdm) are nine, nameW those 
of Brahma, of the gods, of me Fathers, of PrajSpati, of Jupiter,. 
and solar (sdura), civil {sdvana\ lunar, and sidereal time. 

2. Of four modes, namely solar, lunar, sidereal, and civil time, 
practical use is made among men; by that of Jupiter is to be de¬ 
termined the year of the cycle of sixty years; of the rest, no 
use is ever made. 

This chapter contains the reply of the sun's incarnation to the last of 
the miestions addrcs.Hcd to him hy the original recipient of his revela¬ 
tion (sec above, xii. 8). The word rndno, which gives it its title of md- 
nAdhy&ya, and which wo have translatod " inode of mcasaring or reck* 
ODing time," literally means simply “ measure”: it is the same term 
which we have already (iv. i:-3) seen ajipliod to dc-(ignatc the measured 
disks of the sun and muon. 

3. By solir {sdurn) time are determined the measure of the 
da5^ and night, the dutdacUimithhas, the solstice (ayana), the equi¬ 
nox {vishuvat), and the propitious period of the sun’s entrance 
into a sign {sankrdnii). 

m 

The adjective sanra, which we translate “ solar,” is a^ccondary de¬ 
rivative from adryo, “ sun.” It is applied to those divisions of'time 
which are dependont on and determined hy the sun’s actual motion 
along the ecliptic. The “day and night” measured hy it are probably 
those of the ^ds and demons respectively; sec above, xii. 48-50.' The 
solar year, as already noticed (note to i. 12-13), is sidereal, not tropical; 
it commences whenever the sun enters the first sign of the immovable 
sidereal zodiac, or when he is 10 minutes cast in longitude from the 
star C Pisciiim. The solar month is the timo during whr<'li he continues 
in each sncecBsive sign, or arc of 30**, reckonii.; from that point The 
length of the solar year and month is subject only to an infinitesimal 
variation, due to the slow motion, of 1' in 517 years, assumed for the 
sun’s line of .apsides (see above, i. 41-44); but it is, as has bcen.ahown 
above (note to i. 20-34, near the end), somewhat differently estimated 
by different authorities. The precise length of the solar months, as 
reckoned according to th/e Sfttya-Siddhfinta, is thus stated by Warren 
(K&USankaUta,p.6B): 
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The former passage (i. 12-13) took'no note of any solar day; in this 
diapter, however, such a division of time is distinctly contemplated : H 
is also recognized by the SiddhSinti-^iromani. (Ganit&dhy., ii. 8), and 
seems to be, for certun uses, generally accepted. The solar day is the 
time during wliich the sun traverses each snccossivc decree of the eclip¬ 
tic, with his true motien, and its length accordingly vanes with the rap¬ 
idity of his motion: three hundred and sixty such days compose tho 
sidereal year. Tn order to dcterniine the solar day corresponding to any 
given moment, it is, of course, only necessary to calculate, by the meth¬ 
ods of the second chapter, the sun's true longitude for that moment. 
Hence it is a matter of very little practical account ^ all the periods re¬ 
garded as determined by it may be as well derived directly from the 
sun’s longitude, without going through tho form of calling its degpes 
days. It is thus with the Ofjuinoxcs, solstices, and entrances of the sun 
into a sign (sanifcrdntt, “ entrance upon connection with”): for the latter, 
and for the continuance of the propitious influences which are believed 
to attend upon it, see below, verse 11. The eJiadafiliiMikhae form the 
subject of winiext following passage. 

The manuscript without commentary inserts here the following verse: 
“the day and night of the gods and demons, which is determined by 
the sun’s revolution thrdugh the circle of astcrisins ihhacakra)^ and the 
number of tlio Golden {krta) and other Ages, as already stated, is to 
be known.” 

4. Beginning with Libra, the shada^muileha is at the end of 
the perira of eighty-six {ahadagUi) days, in succession: there are 
four of them, occurring in the signs of double character (duisva- 
bhdva ); 

5. Namely, at the twenty-sixth degree of Sagittarius, at the 
twenty-second of Pisces, at the eighteenth degree of Gemini, and 
at the fourteenth of Virgo. 

» 6. From the latter pointy the sixteen days of Virgo which re- 
nuin are suitable for sacrifices: anything given to the Fathers 
(pitanu) in them is inexhaustible. 
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_ We bite not been able to find anywhere any explanation of this cor 
lions division of the sun’s path into arcs of 86°, commencing from the 
aiitumflal equinox, and leaving an odd remnant of 16" at tbo end of- 
Virgo. The commentary offers nothing whatever in elucidation of their 
character and significance. The epithet “ of double character” (dvisva- 
bhdva) Mongs to the four signs mentioned in verse^; jud^ng from the 
connection in which it is applied to them by Vimba-Mihira (Laghu- 
j&taka, i. 8, in Weber’s Indische Studien, ii. 276), it designates them as 
either variable (eara) or fixed (stAira), in some astrological sense. The 
term sAadaftHmuAha is composed of sAadafiti, “ eighty-six,” and mukha, * 
” mouth, face, beginning.” We do not understand the meaning of the 
compound well enpugh to venture to translate it. 

7. In the midst of the zodiac Q)hacahrd^ are the two equinoxes 

situated upon the same diameter i^amasiilrago^ and 
likewise 'the two solstices (a^nna); these four are well known. 

8. Between these are, in each case, two entrances {sanhr&nti)\ 
from the immediateness of the entrance are to be known the two 
feet of Vishnu. 

9. From the sun’s entrance {sanJerdnU) into Capricorn, six 
months are his northern‘progress {vttardyana ); so likewise, from 
the beginning of Cancer, six months are his southern iprogr^ 
{dakshvndyana). 

10.,Thence also are reckoned the seasons (rfu), the cool season 
(yigird) and the rest, each prcvailiog through two signs. These 
twelve, commencing with Aries, are the months; of them is 
made up the^car. 

The commentator explains like mmagdiratiha above 

(xii..52), tn mean situated at opposite extremities of the same diameter 
of the earth, or antipodal to one anotlicr. 

The technical term for the sun’s entrance into a sign of tlie zodiac is, 
as noticed already, fanArdnfs (the commentary also presents the equiva- 
' lent word tankramaTia ); of tliese there take place two iutween each 
equinox and the preceding or following solstice. The mtter half of 
verse 8 is qiiite obscure. The commentator appears to understand it as 
signifying that, in each quadrant, the entrance (sankrdntt) immediately 
following the solstice or equinox is styled “ Vishnu’s feet” In the ear- , 
best Hindu mythology, Vishnu is tlie sun, especially considered as occu¬ 
pying successively the three stations of the orient horizon, the meridian, 
and the Occident horizon; and the three steps by which he strides 
through the sky are his only distinctive characteristic. These three 
steps, then, appear under various forms in the l.'ter V&ishnava mythol¬ 
ogy, and there is plainly some reference to them in this designation of 
the sun’s entrances into the signs. It would seem easiest and most nat¬ 
ural to reco^izo in the three signs intervening between each equinox 
and solstice Vishnu’s three steps, and to regard the two inl^nnediate 
entrances as the marks of his feet; this inay possibly be tiie figure in¬ 
tended to be conveyed by the language of the text. 

The word rtu meani qriginally and literally any determined period of 
time! a “ season” in the most general sense of the term; but it has also 
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been employed from very early times to designate tbe varions divisions 
of the year* They were anciently reckoned as three, five, six, or seveii; 
hut the prevailing division, and the only one in use in later timcs,*i8 that 
into six seasons, named yi 9 ira, Yaaanta^ Grtshma, Yarsha, ^‘^rad, and 
Hcmanta, which may be represented by cool season, spring, summer, 
rainy season, antun^ and winter. begins with th^^month Mdgho, 

or about the middle of January (sec note to i. 48-51, and the table 
given below, under vv. 15-16), and each season in succession includes 
two solar months. 

11 . ^altiply the number of minutes iu the sun's measure 
{mdna) by sixty, and divide by his daily motion: a time equal 
to half the result, in nadis, is propitious before the sun’s entrance 
into a sign (sankrdnti), and liKcwise after it. 

_ e 

The propitious influciircs referred to above, in verse 3, as attending 
upon the sun's entrance into a sign, are regarded .*18 enduring so long os 
any part of his disk is upon the point of separation between the two 
signs. This time is found by the following proportion: as the sun's ac¬ 
tual daily motion, in minutes, is to a day, or sixty n&dis, so is the meas¬ 
ure of his disk, in minutt», to the time wliich it will occupy in psissing 
the point referred to. 

12. As the moon, setting out from the .sun,.m|^es from day to 
day eastward, that is the lunar method of reckOiHtiw time {mdna) : 
a lunar day {tiUii) is to be regarded as corresponding to tirelvo 
degrees of motion. 

13. The lunar day {liffiC), the kara^a, the genonll ceremonies, 
marriage, shaving, and the performance of vows, fastings, and 
pilgrimages, are determined by lunar time. 

14. Of thirty lunar days is composed the lunar month, which 
is declared to be a day and a night of the Fathers: the end of 
the month and of the half-month {paksha) ttre at tlicir mid-day 
and midui^t respectively. 

For the Mhi, or lunar day, see above, ii. 6C: for the karana, see 
ii. 67-60. For the inontli consiiicrc'd as ihe day of tliepitarcu, or manes 
of the departed, see note tu xii. 73-77. Manu (i. 66) pronounces the 
• day of the Fatliers to be the dark 'half-month, or the tbi-tnight from full 
moon to new moon, and their iiigllt to be the light half-month, or the 
fortnight from new moon to full moon. With this inode of division 
might be made to acedrd that stated in the latter part of verse 14, by 
rendering madhye “ between," inst^ of at the middle point of”: we 
have translated according to tho^irections of the commentator. 

15. The constant revobition of the circle of asterisms (hhaca- 
kra) is called a sidereal day. The months are to be known by 
the names of the asterisms {nakshcUra\ according to the conjunc- 

:tion at the end of a^lunar period {parvan). 

• }6. To the mobtha Kfirttika etc. belong, as concerns the con¬ 
junction {»amayoga\ the asterisms Krttikfieto., two by two:.but 
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thm montbs, namely the last,' the next to the last, and the fifth, 
hswe triple asterisms. 

_ • ■ • 

The subject of sidereal time, although one of prominent importance 

in the present treatise, since the {lubdivision of the day is regulated 
entirely by it, is here very summarily dismissed with half a verse, while 
n e find appended to it in the same passage matters with which it has 
nothing properly to do. 

We have already (note to i. 48-51) hud occasion to notice that the 
months are regarded as having received their names from tlie asterisms 
{naJeahatra) in which the moon became full during their continuance. 
According to Sir William Jones (As. lies., ii. 2 dG), it is asserted by the 
Hindus “that, when their lunar 3 ’ear w4s arranged by former astrono- 
nters, the moon Wiis j^t the full in each month on the very day when it 
entered the nnkahaira^ from which that month is denominated.” Wheth> 
cr this assertion is strictly tmo .ndmils of much doubt. Our text docs 
not imply any such claim : it only declares that Ihc month is to be 
called by the name of that asferism witli which the moon is in conjunc¬ 
tion (yoya) at the end of the parcan: this latter word might mean cither 
half of a lunar month, but is evidently to be understood hero, as ex- 
pl.'iinud b\' the coniinciittu'y, of the light half (fukla pakaha) alone, so 
tliat the end of the parvaH (jxcri'dn/a) i.s ctiuivalent to the end of 
the d.'iy of full moon (pnrnimanla), i>r to the moment of opposition in 
longitude. Now it is evident that, oning to the iiicoiniDensiirabilit\' of 
the times of revolution of the sun and moon, us also to the revolution 
Ilf tiu! moon's line of aiisidcs. fidl moon is liabl<' to occur in succession 
ill all the usterisiiis, and at all points of tlie xodiiu*; so that although, 
at the time when the system ut names for the niuiiths originated and 
i!<tablishcd itself, they were doubtless strictly applicable, tliey would not' 
long coiitinuu to be so. lostoad, however, of being eompclled to alter 
eoiitiimally the nomenclature of the year, we arc allowed, by verse 16, 
to call a mouth Kftrttikain which tlie full uf the moon takes place cither 
ill Krttikil'or ill Kohini, and soon; the twenty-seven asterisms being 
distributed among the twelve months as evenly ns the n.itUKe of the ease 
mlmits. • 

At what period these names were first introduced into use is unknown. 
It must have been, of course, posterior to the establishment of the sys¬ 
tem of asterisms, but it was probably not much later, as the names are 
found ill some of the earlier texts which contain those of the hakahatraa 
Hiciiisclves. We eaii hardly suppose that they were not originally ap- 

t ilied independentiy to the lunar months; and certainly, no more suitar 
lie derivation could be found for the ’name of a I'mar'pci-iod than from 
the Hsierisin in which Uie moon attained during Ui coutiuuance her full 
beau tv and perfection. In later times, as wc have already seen- (note to 
i. 48-^1), the tnic lunar months are entirely dependent for their noiheii- 
ehitnrc upon the solar months, according to the determination of tlie 
latter, a.s regards their coiutnciiccmcnt aud dpration, by the data and 
methods of the modem astronomical aciciice. There has been handed 
down another system of names for the months (see Colebcooke in As. 
lies., vii. 284; ksaays, i. 2 U 1 ), which have nothing to do with the aster¬ 
isms : whether they are to be regarded as more ancient than the others 

35 
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ve do not know. Thcj are—commencing with the fir^it month of the 
season Vnsanio, or with that one. which in the other system is called 
C&itra—as follows: Madhu, M&dhava, ^ukra, Qaei, Nalilias, Nabhaaya, 
Idia, Crja, Sahas, Saliasya, Tapas, Tapasya. 

For the sake of a clearer understanding of the relations of the astcr- 
lams, months, and seasons, we present their correspondences below in a 
tabular form: 


Bcuon. 


Hooth 


^?arad. 


HemanU. 


9i9irs. 


i Kdrltika. 

t(Oct.-Jtov.) 

'MArgii^inha. 

iNov.-Dee.) 

- 

P.'iuslia. 

> (Dec.-J as.) 

; (Jaii.-Veb.) 


riifllcuna. 
^ (Fcb.^Iar.) 


Aatcriinii in which 
/uli imion may occur. 

j Krltikl 
I Robini, 

I Mrga$in>ha. 

-( Puiurrasu. 

( Pusuya. 

j Aflenhft. 

(MagliA. 

P.-Pbiilgnn!. 
U.- 1 *I)alguni. 
Has to. 


Vasanta. 


Orishma. 


VanboL 


'Ciitro. 

(Mir.-Apt.) 

Vfii'"i'iiha, 

.(Apr. May.) 

'Jyiiisbihn. 

(Slay-Juoe.) 

AsIi&iUia. 

^(JuDC-Jttly.) 

' nrAmoa. 
(July Aug.) 

Bbfiilrapada 
. (Aug.-Bcpt.)] 


?arad. 


Afviiia. 

(SupL-Oct.) 


( Citra. 

(Sv&U. 

( Vi^'&khA. 

( Auutadha. 

{ JyoBhlh&. 

(j^iida. 

( (‘.-AsbadliA. 
( U.-AsMdbA. 

( CravaiiB 
( vruTiabtbft, 


i f/.'itaMiisbaj. 
P.-Bh&drapadL 
U.-BbAdrapadO. 

i RcvaLi. 

Afviui. 

Bharai;)!. 


Davis (As. Res., iii. 218) notices that some' of the ancient astrono- 
•mets have divided the astcrismr. somewhat differently, giving to ^r&vana 
the three beginning with 9r3vana,^to Bh&drapada the -three beginning 
with Phrva-Bbftdrapadk, and to Alvina only A 9 viiii and Bharanl. It 
seems, indeed, tliat the selection of the three months to whicli thr^e 
asteiasms, instead of two, were assigned, must have been made somewhat 
arbitrarily. 

It will be noticed that in thia passage Kftrttika ia treated as the firsts 
of the series of months, while above (v. 10) (j/iqira was mentioned as the 
first se.ison, and while in practice (see note to i. 48-51) Vftio&kha is 
^treated as the first of the solar months, and C&itra of the Innar. Another 
name for M&rgaglnha, also, is Agrah&ya^ which appears to mean 
commencement of the year.” How much significance tliese variO' 
tioBS of usage may have, and what ia their reason, is not known to ns. 
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As regards V&i^&kha and C&itra, indeed, the case is clear, and we may 
also regard the rank assigned to K&rttika as due to the ancftnt position 
of Krttikh, as first among the Innar mansions. 

17. In Ydiguklia etc., a conjunction ^oga) in the da^ half¬ 
month {krshijM), on the fifteenth lunar d^y detexr^ea in 

like manner the years Kurttika etc. of tTupiter, from his heliacal 
setting (osfa) and rising {udaya). 

Wo have already, in an early part of the treatise (i. 55), made acquaint¬ 
ance with a cycle of the planet Jupiter, composed of sixty years; in 
this verse wc have introdnred to our notice a second one, containing 
twelve years, or corrcsponrling to.a single sidereal revolution of the 
planet. The principle upon \vhi|;h its nomenclature is based is very evi¬ 
dent. Jupiter’s revolution is treated as if, like that of the sun, it deter¬ 
mined a year, and the twelve parts, each quite nearly equalling a solar 
year (sec note to i. 55), into which it U divided, are, by the same anal¬ 
ogy, accounted as months, and .arcordingly receive tlie names of tlie 
solar months. 'Fin) appellatioiis tliiis applied to Ihe 3 car!', in their order, 
we are, dircc.te<l to <letcriiiine. by the a.>t(Tisiu {aal'nhatra) in whieh the 
planet Is fonod to he :it the liiue of its disippcarancc in the .sun's rays, 
and its disengagement from tlieiii: for it wonhl, of cou»e, set and rise 
licliaeally twelve limes In each rcxolutioii, and each time ahoiit a month 
later than before, 'i'hc mime of the j-ear. however, will not agree with 
that of the month in which the rising :ind setting occur, but will be the 
opposite of it, or six months farther forwani or backward, since the 
month is named from the a.slcrism with whieh the sun is in opposition, 
but tlic year of the cycle from that with which he is in coiijiinotion. 
The terms in which the rule of the text Is stated are not altogether un- 
simbigiious : there is no exprossed grammatical connection between the 
two halves of tlie verse, and wc are compelled to add in our'translation 
the inipiirtant wonl “ detcrinincs,'’ whieh links them together. 'The 
nicaniug, how'ever, wc take to be as follows: if, in any given year, the 
heliacal setting of Jupiter takes place in the month Vaioakha, then the 
astcrisni with which the moon is foiiml to be in conjunction at the end 
of that month—which will be, of course, the mitcrism in which the suu 
is at the Stniiic time situated—will determine the name of the year, which 
w'ill be Karttika: and so on, from year to year. The expression in 
like inuniier,*’ iu the second half of the verse, is interpreted as implying i 
that to the years of this cycle is made the same distribution of the as- 
terisins as .to llio months in the preceding passage: tlio second and third 
cohiiims of the last tahic, Ihcii, will apply to the cycle, if w5 alter their 
headings respectively, fit>m “ iiiontli" to “ year c f the cycle,” and from 
“astcrisins in which full moon may occur” to '* iisterisius in which Ju¬ 
piter's heliacal setting and rising may occur.” 

* There is one niitoirard circniustaiiee connected vith this arrangement 
which Is not taken into acconnt by the text, and which appears to op- 

S ose a practical diHiouIty to the appllcatian of its rule. The amount of 
upiters motion dnring^a solar year is not precisely one sign, but per¬ 
ceptibly more than that, so that the mean interval be^’.ecn two sheces- 
sive heliacal settings is a little more than a soUir mouth; and this dif- 
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fefBiice ftccnmulatci* so rapidly that the thirlecntii setting wonliI Uiko 
place Bboiit*fonr degrees farther eastward than the ftrst, so that, without 
some system of periodical omissions of a month, the corro^[)ondeIlCe. 
between the names of the years, if applied in regular suCecssion, and 
the ast^sms in which the planet disappeared would, after a few revolu¬ 
tions, 1^ altogether dislocated and broken up. Tf the cycle were of 
more practical consequence, or if it were contemplated as one of the 
proper subjects of ^this treatise, we might expect to find some method 
of obviating this difficulty prescribed. Warren, however, in his brief 
account of the cycle of twelve years (K&la Sankalita,p.21'2 etc.), states 
that he knows of no nation or tribe making any use of it, but only finds 
it mentioned in the books. According to both him and Davis (.\s. Res., 
iii. 217 etc.), the cycle of twelve yeah is subordinate to that of sixty, 
the latter being divided into five such fiyclrs, to which special names arc 
applied, and of each of which the successive years receive in order the 
titles of the solar months. Tlie appellations of the cycles themselves 
are tbpsc which properly belong ti> the ycairs of the lustrum {yuf/a)^ or 
cycle of five ycam, by whicli, as already uotiecd (note to i. S6-58), the 
Hindus appear first to have regulated time, and effccteil by intercala¬ 
tion the coincidence of the solar and lunar years: they are Samratsara, 
Parii-atsara, Tdavatsara, Idvatsara, (or .\uuvatsara), and Valsnra (or 
Idvatsara, or Udravatsara). It wonhl appear, then, cither that the cycle 
of sixty years was derived from ami finimlcd upon the ancient lustruin, 
being an imitation of its consirinqion in time of the planet Jupiter, 
of which a month equals a solar year, or else that the already existing 
cycle had been later fancifully compared with the lustrum, and subdivi¬ 
ded after its model into sub-cyclcs fur years, and years for months: of 
these two suppositions wc arc inclined to regard the latter as decidedly 
the more probable. 

18. From rising to rising of the sun, that is called civil {sdvnna) 
reckroning. By that arc determined the civil days {sdh'a7ia), ami 
by these is the regulation of the time of sacrifice; 

19. Likewise the removal of imcleanncss frotii chihl-bearing 
etc., and the regents of days, months, and year.*;: the mean mo¬ 
tion of the planets, too, is comput8d4)y civil time. 

The term »&vana wc have translated “ civil,” as being a convenient 
way of distinguishing this fro!u the other kinds of time, and as being 
very properly applicable to the day as reckoned in practical tiso from 
, sunrise to sunrise : in the more general sense, as denoting the nu. Ic of 
reckoning, the mean motions of the planets, and the regency of succes¬ 
sive periods, t&vana corresponds to what we call mean solar” time. 
The word itself seems to be a derivative from rovana, “ libation,” the 
three daily aavattaSy or the sunrise, noon, and sunset libations, bein^L 
determined by tliis reckoning. 

20. The mutually opposed day and night of the gods (sum) 
and demons (euura;, wniclf has been alre^y explained, is time 
of the gods, being measured by the coiftpletion of the sun’s 
revolution. 
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21. The space of aPatripchate (manvanlara) is styled time 
of Praj^patj: in it is no distinction of day fi^om night.* An iEou 
{kalpa) IS called time of Brahma. 

It may well be said that the mode of .reckoning by time of the gods 
lias been already explained; the lengtli of a day of the gods, Vith the 
methml of its determination, has been stated and dwelt upon, in almost 
identical language, over atul over again (see i. 13-14; xh. 45^50, 67, 
74; and the interpolated verse after xiv. 3), almost as if it were so new 
and striking an idea as to demand and bear rcpitatcd inculcation. For 
the Ppiiarchate (manrontera), or period of 396,448,000 years, libe 
aboi'c, i. 18; this is tlic only allusion to it as a unit of time which the 
. treatise contains. For Ihc'.Knn {kalpa), of 4,320,000,000 years, as 
constituting a day of Brahma, see above, i. 20. 

The remaining verses arc simply the conclusion of the treatise. 

22. Thus hath been told thee that supreme mystery, lofty and 
wonderful, that sacred knowledge (/jro/iman), most exalted, pure, 
all guilt destroying; 

23. And the highest knowledge of the heaven, the stars, and 
the planets hath been exhibited: ho who knoweth it thoroughly 
obtaineth in the worlds of the sun etc. an everlasting place. 

24. With these words, taking leave of l^faya, and being* suit¬ 
ably worshipped by him, the part of the sun ascended to heaven, 
and entered his own disk. 

25. So then Maya, having personally learned from the sun 
that divine knowledge, rcgardc.d himself as having attained bis 
desire, and as punlied from sin. 

26. Then, too, the sages {rskf), learning that Maya had received 
from the sun this gift, drew near and surrounded him, and rev¬ 
erently aslced the knowledge. 

27. And he graeioiLsly bestowed upon them the grand system 
of the planet**, of mysteries in the world the most wonderful, 
.and equal to the Scripture (2»ra/iman). 

The SuiTn-Siildhlinta, in form in which it is here presented, a.s ac¬ 
cepted by Rangan&tha and fixed by liis coniincntarv, contains exactly 
fire hundred verses. This number, of course, cannot plausibly be looked 
upon os altogether acridcntiil: no one will question that the treatise has 
been intentionally wrought into its present compass. We have often 
found occasion above to point out iiidication.s, more or less distinct and 
unequivocal, of alterations and interpolations; and although in some 
cases onr suspicions may not prove well-foimdcd. there can be no rcason- 
. able doubt that the text of the treatise has undcigone since its origin 
not unimportant extension and moditicatiou. Any farther consideration 
of this point we resene for the general historical summary to be pre¬ 
sented at the end of the Appendix. • 
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APPENDIX: 

CONTAINIXU ADDITIONAL NOTES AND TABLES,'CALCULATIONS OF 
ECLIPSES, A STELLAR MAP, Etc\ 


1. p. ii., The name siWdAdnto, by which the aatrcmoinical text¬ 
books are Keucrally*callcd, has, by derivation and original meaning, 
nothing to do with astronomy, but signifies Riinply “cstwliahcd conclu¬ 
sion and it is variously applied to other uses in the Sanskrit literature. 

It may not be uninteresting to present hen; a summary view of the 
existing astronomical ■literature of the Hindus, as derived from such 
sources of information upon the subject as are accessible to us, oven 
though such a view must necessarily be imperfect and incomplete. We 
commence by giving a list of works fiirnislioil to the translator, at his 
remnest, by the native Professor of Mathcinatics in the Sanskrit College 
at Phna, and which may be taken as representing the knowledge pos¬ 
sessed, and the opinions held, by the learned of Western India at the 
present time. Along witli,it. is offercil the list of nine treatises given in 
the modern Sanskrit Encyclopedia, the ^abdakalpadruma, as entitled to 
the name of Siddh&nta. The longer list was intended to be arranger] 
chronologically; tlic remarks .appended to the names of treatises arc 
those of its compiler. 


3. Snma-Siddh&ntii. 

4- Brhaapali-SiddhAnta. 

5. Garga-Siddhftiila. 

6. NArada-RidJhAnta. 

7- Pdr&9arA43iddhBnta 
8. Flidastya-Siddbflnta 
9- ’Vasiabttta-Siddhftnta. 


I. Brahoia-Siddh&nta. i. Brahma-SiddbADta. 

3 . Sdrya-SiddhAiita. o. Sdrya-SiddhAnta. 

3. Soma-Siddh&nta. 

4. Vlsishtha-SiddhAntB. 

5. Komaka-Siddhinta. 

6 . FAidastyaSiddbAnta. 

7. BrhaspBti-Siddh:iDta. 

- 8 . Oarga-Siddbftnta. 

9 . VyikM-Siddh&nta. 

10 . FarA 9 ara- 8 iddbAata. 

11. Bhoja-SiddhAoti; earlier than the v'lroma^i. 
la. VaiAha-Siddhliiita; earliw than the C^'iromaiii. 

1 3. Brahmagopta-Biddh&ota; earlier than the f^iromaqii. 

14. SiddhAnta-yiromani; fale 1072 [A.D. 1160J. 

15. Sundara-Siddlifinta; about 400 yean ago. [years ngo 

16 . Tativa-Viveka-SiddhAnta; in the time of the reign of Jaya Sinha, about 260 

17 . SArvabbAuma-Siddhfinta; in the time of the raign of Jaya Rinlu^ 

18. LaghurAiya-SiddhAnta) 


' It is obvions that these lists arc uncritically constructed, and that 
neither of themes of a nature to yield, valuable information without ad¬ 
ditional explanations. I'ho one is most unreasonably curt, and socnis 
founded on Uic principle of allowing the title of Siddhdnta to no work 
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which is the acknowledged uoinpoMition of a moreljr human author, 
'while the other contains treatises of very heterogeneous character and 
value: and neither list diiitiiigaishcs works how actually in existence from 
those which have hccume lost, and those of which the existence at any 
period is questionable. A more -satisfactory account of the Siddh&nta 
literature may be drawn up from the notices contained in the writings of 
Western scholars, and especially from the various essays of Colobrooke. 
VosF what we shall hero offer, he is our main authority. 

In the present imperfect state of our knowledge of the subject, there 
is jicrhaps no hctler method of classifying the Hindu astronomical treap 
tises than by diviiling them into four classes,.as follow's: firsts-.^se 
which profess to be a revelation on the part of some superhuman being; 
second, those which are attributed to ancient and renowned sages, or to 
other supposititious or impersonal authors; third, those regarded as the 
works of actual antliors, astronomers of an early and uncertain period; 
fon'rth, later texts, of known Jiite and authorship, and mostly of a less 
independent and original character. * 

^ 1. The first class comprises the Brahm.'f^ Shr}'a, Soma, Brhaspati, and 
N&rada Siddh&ntas. 

1. Brahma-SiddhCinta. 'Die earliest treatise bearing this name is 
said'to have formed a part of the Vishnudhnrmottara Puriina, a work 
which seems to be long since lost, and scarcely remcmbcreil except in 
c<iimcction with the Siddlianta. Th(f latter, too, is only know-n by a few 
citations in astronomical writings, and by the treatise of Brahmagupta 
(sec bolow, thlid clas.e) founded upon it. Another work'laying claim to 
tin.* 8.-11110 title is that which wc have inanv tinics cited above as the 
(,'akalya>SanhitA Banhita, “ text. l.■omJ)^cllL■usive wefrk,” is a teim em¬ 
ployed to ilciiote a complete cour<>c of astronomy, astrology, lioroscopy, 
etc.: this treatise, according to the nmnuscript in our posscsston, forms 
the second division (praf/ia) of such a course. It professes to bo re¬ 
vealed by lirahina to the semi-divine pcrsouugo Marada. Of its relation 
to the Suiy a-Siddhftnta xrc hax'O spoken .-ihove (note to y\jL 10-13). It 
docs not apjiear to be refcrruil to as an iiulepeiulcnt work in eitlier of 
the native lists we have given. 

2: S&rifa-SUldhAnta. This is the trcati4c of which the translation 
has been given above, and of which, accordingly, we do not need to 
speak here more particularly. 

3. SomuSiddhanta. Judging from its title, this work must profess 
to derive its origin from the moon (senut), as the preceding from the 
sun (sarya). Bentley speaks of it a4 following in the main the system 
of the S&rya-Siddhitnt:i. Tlicre is a inanc'icript of it in the Berlin 
Library (Weber's t'atalogue, Mo. 840), and C< lcbrooke seems also to 
have had it in his hands. 

4. JjrhakpatkSiddhd.nta. B|hasp.-iti is the v. ime of a divine person¬ 
age, priest and teacher of the gods, ns also of the planet Jupiter. No 
work bearing this name is mentioned, so far as we can ascertain, by any 
iiluropcan scholar, althoii.gli Brhaspati is not infrequently referred to in 
native writiii(»s os an anthdrity in astronomical matters. 

5. NArada-Siddk&nta. A Nftradt-BaDhit4, or course of astroli^-, in 
'tlie Beiiin Library (W'cber, No: 862), and an occasional reference to 
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N&radA, among oilier divine or mythical penom^s, arf an astronomical . 
antliority, arc all the iiulicntioiis we hnd jiiHtifying the introilnction of 
this nanic into the list of the (^'abdakalpadninia. 

II. In the second class wo iiicliulc tlio G&rga, Yy&sa, Pltragara, Pflu- 
li^a, I'anlastyn, and X’&sishtUa Siddli&ntas. Garga, Par&carn, VyAsa, 
Pulastyii, and VaKishtliu arc proniiiitMit among the sages of the ancient 
period of Iliiitln history : the two latter arc of tlie number of those who 
give niime to the stars in Ursa Major (they are. and ^ respectively). 
They cannot possibly hare been the vcriUiblc authors of Siddh&ntas, or 
works presenting the modern astronomioul system of the Hindus: but— 
and this seems to bo especially the ease with regard to.Garm and Partt- 
^'ara—one and another of them may have distinguished tnemsclves in 
connection with the older science, and so have furnished some ground 
for the part attributed to tficm by the later tradition, and for thf father¬ 
ing of astronoraionl works uiion Ihein. 

1 . OargorSiddMnta. Astronomical treatises and commentaries upon 
them occa.sioAaIly offer citations Iroiii (hirga (see, for instance, Colc- 

.brooke's Essays, ii. :)j(i; Sir A'illimn Jones in As. Pes., ii. 897), but of 
a Siddh&nla, or tcxt-bi;olc ff Hstronoiny, bearing his name, we find 
nowhere any mention cx<‘epting in these lists. 

2. VyHsn-SidditdnUi. This name, too, is known to us only from the 
list above givL-ir. 

3. PAr&faraSiddk&nla. Aceotxiing to Ueiitley, the sccoml chapter 
of the Arya-Siddhi\nta contains :in extract from' thiit work, in wliich are 
stated the elements of the iiican motions of the planets ailoptud by it. 
Thu work ii'iilf appears to be lost; iinlcs.s indeed, it may have betu 
contained, in a iiiaiinscripl of the .Mackenzie tjollcctiou, which in Wil¬ 
son’s Catalogue (i. 120) is called Vriildha-l’arasara, luul said to bo "a 
system of astrology, attributed to Parasara, the fiitlier of Vyiisa.” 

4. P&iilifa-Siddhduta. The plaiicUirv elements of this treatise also 
are presen'cd in later commeiitaries, and are stated hy ISciitluy and 
Coicbrookc. have noticr-d above (note to i. 4-6) that al-l*lruii'i at¬ 
tributes it to Paiilus the <jre«*k ; whence Welji-, (Ind. Lit., p. 226) con¬ 
jectures tliat it was fomnli-dMipoii the A/auj'cr/i] of Panins'Alexanilrlnus. 
If this account of its origin lic correct.+)ie iTiIi«ja tp whom the later 
Hindus attribute it is a fietitions jicrsonage, wIiom* iiaiin' is inamifaetured 
out of I*auli<;a. The work, it will be seen, is not mentioned in either of 
the lists wc have given, its p!ai:e a[>peuring to he tiikcn by the. Pulastya- 
Sirldliknta. Ae.conling to the Hindu tradition, the school represented 
by Uie Phuliea-Siddhunta wa.s the aval of tliat of Aryabhiitta. 

3, Pulaslya-SiddhAnta. Of thiH Siddh&iitn we find mention only in 
such native lists as omit the preceding. Hence wo arc led to conjecture 
that the. two name.'* may indicate tlie same work; an attempt, founded 
upon the similarity of the iiaincs, having been made by sdhic to attribute* 
the Pauliga-Siddhknta to a known and acknowledged ILiiidii saj^. 

0. YaninhlhorSiddhAnta. I'liis work is spoken of as actually in ex¬ 
istence by •both Coicbrookc and Bentley, and the latter states its sys¬ 
tem to correspond with that of tlie 8fiirya-iSiddb&ntR. More than one 
treatise bearing the name is referred to, the older one being of unknown 
authorship, and the other a lator compilation founded upon this, by 
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III. To the thinl class may be assigiieil the Skhlhttiitas of Aryabliat- 
tii, Var&ha-miliira, aiid Brahniagnpt.'i, and the Komalui-Siddh&nta, as 
well as the later version of the V'.osislitlia-Siddh&utn, lost spoken ot 
The first three names arc those of greatest proinineiicc and highest im- 
poidaucc in the history of'Jlkidu astruuonncal science, and tln-re is 
every reason to belicAC that the sages who bore them lived about wo 
time when the infidnrii system may bo sujjposcd to have jeccived its 
final and fully developed form, or during the ijtlLh and sixth qpnturies of 
our enu 

1 . Arya-Siddhunitt. 'I'hc two priiicipal works of Aryabliatto appear 
to have been originally entitled the Ary&slip'ii;iit.'i, “ work of ^ig^ht hun¬ 
dred verses," ami niu;iigitik&, ‘‘work of ten i-antos." Colebrooke knew 
ni'ithcr-of them excepting by citations in other n.-trouomical text-books 
and commentaries. Heiitlcy hml in hi- ]i:iiid-tai) trentiscs which he 
cidls the Arya-Siil<lh?riita and the I.a'.'hn-An'a-Siddiianta, which arc pos¬ 
sibly identical %vith those cibovc nanii'd.^ The licrliu Library aUo con¬ 
tains (Weber, No. b.‘i4) a work wliich professes to be a commentary on 
the I)ai,'agUik&. 

2. Var&ha’SlddhCintu. 'Flio only d'.''.Mii'!i\<'ly a-tronomical work of 
't'ai’iiha-niihira fqipr.irs to have in'i'n his I’.-ini .i-si'l'Iliiintikai-urConipen- 
iliuiu «*f Five Astronomies, of which we liaie already spoken (note to 
i. 2-;'.), and whiidi was founded npnii tip- Ur:dim.a, Surya, Fanlicu, Va- 
si.-lithii, mill lloiiiaku Siddhaiitas. It i.- -i:j>i o-ed to bo ho longer in 
e\ist(*iioe, althongli the a.-triiio!ric;d Wi»riv- of the same iiutlior have been 

'carefully jHVM‘Pveil, and arc »iilii>ni diliifiilty nrccssiblt=. • 

it. iJruhhM-Sidtlhuiihi. Tile |ir\»|«r title of the work composed by 
Umlimagiiptii, upon the foiiiiiiaiion of an earlier treati-e bearing this 
name, is Uridimu-sidiiila-Siddh:inl:i, convcled Urahina-Siddiiiiiiyi,’' but 
the wiivd sphjiM, “ eorrectcil," is fiei|iu iiily omitted in citing it, as has 
been our own usage in tbc notes t<> tin; Surya-Siddintnla. Colebrooke 
possesBcd an iinpeitbet copy of it, and it wa- als«> in Uenllev’s posses- 
-ioii. F'pon it was proicssedly founded, in the- iii.-iin, the Siildhanta-^M- 
rumuni of Uliuskara. * 

4. Of the name iif this Ivoatisc. the ^1y one 

wi'. I'axc thus far met with wliii;li is not di'rhcd from a real or supposed 
niitlior, we haves]>oken in the nolo lo i. 4-U. It is said by tA>lebrooke 
to be In Crishena, and to Inive Iu'lmi fomiiled in ]»art ni»on the original 
’ Vastehthn->SiddhA.nta; its early ilale is proved by its being one of those 
treated as ant-horitios by Varaha-iiiihira. No c jpy of jc seems to have 
have been dise>nc:vd in later times. 

,Oiir list also laeiitioiis a l»lioja-Sidilh:inta. prnbidily refen-ing to some 
nAtroiiiimical work ]inblishod during tlio reign, and under the patronage, 
of Huja iliioja JDeva, of I)harVi*i or clevenib century'.of 

onr era. 


* 8tii‘. an article I7 Fitx-Fidward Hall, Ksq., On the Arya-SiJilIiunta, in the Jour¬ 
nal of Uic Anivricuu Oriental Seteiety, vol. vl, IS6U. 

») 
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IV* Our fourth ohiM heailod^by the fiiddh^nta-Qiromani, M’ritten in 
the twelfth oontiiry by Uhaskura Ao&ryn, aud founded upon the Ifrahina- 
Siddh&nta of JSrabiiniguptii. Our jiuracrouH^rcfci'eucea to it and cita¬ 
tions from it indicate the prominent and important posiliou which it 
occujdej in the, modern n»tronomicnl literatui'c of India. For a dcscrip-. 
tion of the uimicri'uis cominontarios upon it, see Colcbrooke’s Hindu 
Algobrn. note A (Rssaya, ii. 450 etc.). 

The of the lists given above lucutions two or three other 

work-'of'yet later date. Among them the Siddhhnta-Suiulara is the 
most ancient, having ])oeti composed by Jniiiiu-r5ja at tlic beginning of 
the sixteepth ecntnrv. Tlic (jraha-IAghuva is a treatise of the same 
class, and is highly considered and nmch used throughout India, although 
omitted from the Fhna list. It Is of nearly the same date with Uic 
work last spoken of, being the composition of (lane^'a, aud dated fake 
H4-2 (A.D. 1520). Tlio Sidtlh&iita Tattva-\'ivcka, more ufually styled 
the TattvarViveka simply, is a century later; it yrim wniten by Kama- 
Ikkai'si, about A. D. IU20. The Siddliunta-.Si\rvnbliAiuina dates from very 
nearly the same ])(:iiod, aiulis the work of Mum«;varai who is also the 
author of n ciiiimi(.iit:ir\ mi ilic (yiniiiiiuii, and the son of liangau&thu, 
the coiunu'iitutor on the ■Sitr\a-Sii[illiiiiil.-i, • 


Till-class of H-4ronuiiiic:il wi'iiing<4 might be almost indcliiiitcly ex¬ 
tended, but the Works tviiirii Imtit bcfn mentioned appear to bo the 
mo*il anthoritativo and iiii|iorl:iiil. 

f.>f all the treatises whose naiiio.- wo have cited, wc know of but tlirce 
which hate a- yci been pnblislicd—the Sury.'i-Siddhanta, Uie Siddln'inta- 


^'iroinaiii. ami the tjraha-iiiigli.'ita ; 
the .Solti'111-jiook Soolclvof C.-dciitta 


(he two latter under the auspices of 
. 1 ‘ivif. [lull's Cilit ion of the Shrva 


SiddJiuiita, to which rel'civnec is made in our Iiiti'odnetory Note, Las' 
been ronipleted by tlie iuldition «f a fourth Fasciculus since our own 


pnhlication wa-. coiniiieuced, so (bat we have been able to avail ourseltcs 
of its valuable ns&istunec throughout. 


S2. ]). ii. •Iiungaiiutlia, in the vi rse.s with which lie closes Ids com¬ 
mentary, states it to have been eonipluted cn the same day with the 
birth of his son ^Jniiii/vara, in the fdka year 1525, or A. 1). 1603. For 
^his ]'L‘latioiishiji to othiT wull-known antliors or commentators of astro- 
uomical treati.-es. see ^'olchr.jokc’s Rsmivs ii. 152 etc. Other coniment.'i- 


tors on tfie Surya-Siddhhiita iiicnlioneil hy < 'oltdtroukc are Niwiiilin, who 
wrote hut a few years iati-r than Ih-iniraiiiiLlia, and lihhdltara and I)&(l& 
Bhai, wliosf age is not stated. Tin- Mackcii/.io cullcclioii (see W'ilsuii’s 
Catalogue, p. 118 etc.) contained coiiimentarics on the whole or pants of 
the same text by MaUikui-juna, Vellaya, uu Aiyabhatta,. Mammabhatta, 
and Taminaya. 


3. ]i. iih As no especially .suitable oppoltunity lia^hitlicrto offered 
itself for giving in our notes the synonymy of the names of the planets, 
we prcsi’iit liiii'c all the appellations by which they are known in the text 
of the Shrya-Siddliiinta. 

The sun ii called by the following names derived from roots signify¬ 
ing “to shine'’; arka, bh&nu^ ravi^ vivaivont, ekrya; also savi/ar, liter- 
■ally “ eolivener, generator”; hhS^kara^ ** ligh^make^”; dittakara and 
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divdkara, “day-maker’’; and liffmdnfu ami tikskn&nfUf “liaviiig'hpfc or 
piwoiiig raya.” 

llie moon, Iieaii;U'a her ^liiiary n.amca nidff, cantfra, vidhu, is styled 
nip&kara, “ night-iiiakor" ; “ lord of iiijrht.”; anushnagUf ptta- 

ffu,ytlAnfti, riindtdhili^ himarapmi^ himYinpit^ himadUlhiti^ ^havingcool 
rays” ; and fftpin anti fap&nka, “marked with a hare” : the Hindu fancy 
secs .the. figure of this auimal in the spots on the moon’s disk. The 
name soma nowhere directly occurs, but it is implii.‘d in the title B&umya 
given to Mercury. 

Afcivury is styled jfia and btidka, “ wise, knowing”; also pagija and 
sAumya, “ son of the ninnu.'' 'I’Ih* reason of neither appellation is ob¬ 
vious. ft will be seen below iliat the innon, the sun, and the earth have 
each of them one of the lesser planets assigned to it as its son: why 
Mercury, Satiim, and Afars were selected, and on what grounds their 
respective parentage was given tliein, is hitherto eniirelv unknown. 

Venus has one name, pvkm, “ hriHiant,” which is derived from lier 
actual character; she is also known ns bhryu, which is the name of one 
of thef most noted of the aneient sages, or as bhripna or hhnroava, 
“ son of Blirgii." 

Mara has likewise a single :ip]»ellation, anyiirnka, " l•<'al," which is 
given him on .'leroiinf of hi-, tiny burning liLdil : all his otht-r titles, 
namely kt^a, bhupulra, bhnuiipvtm, bhasuta, mark hiin as “son 

of the carUi.” 

Jupiter is known ns brhaspafi, which i.-, as already more, than once 
noticed, the name of a divine pci-sonnge, ]irio-«T .ami tc:i<'hcr among th# 
gods;#the word means originally “ hmi of wi:r:.hip.” Jl Jm planet also 
rnceives some of liis tiile-s, ii.-niiciy y»rn, " preceptor," and amarejya, 
“teacher of the immortals.” The only other iinnie given to it, jifr>a, 
“ living,” is of doubtful origin. 

iSaturii has two appolhtlions, each represented by several forms; 
namely “sun of the aun,” <'r arlrari, Arki\ s&ri/alanaya; and “ the slow- 
moving,” or moiidaf pant, rtnwlprnra. 

.-Ml these names, it will be noticci], arc of native lliiuhi origin, and 
hayc nothing, to do with the appellations given by uiher nations to the 
])1anets. In the Hindu .'islrological writings liowovcr. even those of a 
v<*ry early period (see AVeber's Iml. Stud., ii. liOl). appear, along with 
those, other titles wliieh are evidently derived from thosp of the 
(J recks. 

•I. p. 2. Wo have evoi^-where cited Benth-y’s work on Hindu as¬ 
tronomy according' to the Loiuh^n edition of it (*^vo., 1825), the only 
one to which we have had access. ^ • 

In H few instances, where we have not speeUi <l the ]mrt of Bhksku^s 
Siddh&ii4-Viromiiui to which wc jefer, the Gaiiitiulliy&ya, or properly 
astronomical portion of it, is iutendod. 

5. p. 17. Fur the conveuienco of any who may desire to make a 
more detailed examination of the elements of the moan motions of the 
planets adopted in this treatise, and to work out the results deducible 
from them, wo present them in the following table iu a more exact form. 
Wo give the mean time of sidereal revolution, in mean solar days, and 

• 
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tbe amonnt of mean motion, in seconds, iliiriiig a day, and also diirin<. 
a Julian year, of mean solar days. 


Mean Motimui of the PHknets. 


Fliunpt. 


Moan yoarly motion 

Sun, 

il 

3 rt 5 . 2587 ‘)(i 46 , 

r* 

3,548.16950 

f 1 

1,295,968.931 

Mercury, 

87.90970228 ! 

14,732.34490 

5,380,988.996 

Venus, 

224-09850753 ■ 

5,767.727112 

2,106,662.295 

Mars, 

^^• 9974919-1 ' 

1,880.46976 

689,0.33.081 

Jujriter, 

4 , 332 ..l 2 () 0 ;'; 23 ''i ■ 

299.1.108.3 

109,26.3.381 1 

Siilnm, 

Moon, 

10,705.77307.101 , 
i 

I 2 u. 38 i 5 i 

43,969.340 ; 

■ aider, rov., 

27.321fi7.t1O • 

47 . 434 - 8 fi 773 ‘ 
4'3,886.69817 

17 , 325 , 585 . 43 ? 

Bjnod. rev,. 

29.53058795 i 

16,029,616.507 

apsis. 

3 , 232 .(> 93 fi~ 4 i^ * 

400.97H48 

14fi.457.3B9 

node. 

0,794.39983121 [ 

190.7.4532 

69,669.730 


6 . p. 17. Thu syst'-'iii of the; SArya-Sidilhi\iita, so far as coucerns 
the mean motions of the planets, the date of the last general cdhjunr- 
tion, and the frequency of its reeurreneo, i-i nlso*that of the ^hhalya- 
Sanhita. Jl is like>Yisu, jiroseiitod, aei*ordiiig to lleiifley (Hind. Astr„ p. 
116), by the Boma and ^':isislitha Siiidlituitiis. So far as ran bo gath¬ 
ered from the olrinciits of the Paiili(\'i and Laglui-Arya Siddliantas, as 
•eported by Coluhrookc and Hentley, these treatises, too, followed a simi- 
lar system ; thed’erohitions of the planets in an .Vge, as stutdl by them, 
where they differ from those of the SArva-Siddhanta, always differ by a 
number wliieh is a multiple of four. Some of the. astronomical text¬ 
books, however, have eoiistructcd their sysU-ins in a suiriewhat diffweiil 
manner. Thus the Biddhaiila-t/iroinaiii, following the authority of 
Brahmagupta and.of the carlicn- Urulima-Siddhaiitn, makes tlui planets 
eommciieu their motions'together at the star £ I'isrinm at the. very roin- 
meiicemeiit of the .<41011, and return to j general conjunction at the same 
point'only aflb’r the lapse of tin: wlmln oorio.i »)f 4,.130,000,000 yeprs. 
The .same is the ejiso with the. Arya and PuHlr/nra SiddhAnUs: they too, 
as reported by IJentIcy (Hind. Asfr., pp. t4R, 150),state'the revolutions 
of the pLuicts fur the wiiolc Jvm onl)-, and in nuiiibers which have no 
common divisor, so that they assninc no briefer cycle of conjnnetion. 
Bat they all, at the same tiir.e, take special notice of the comiiieiice- 
raent of the Iron Age, which they makuto begin at tlicniomeiit of mean 
sanriie at LankA, and/nanage to cfTcct very nearly a general conjuiu'- 
tion at the time of its oceurrcncc, as is shown by the tabic at the end 
of this note, in which arc presented the positions of all the planets, and 
of the moon’s apsis and node, as stated by Uicm for that moment. 

We insert these data ht^ because they seem to us to fnniisli ground 
for important conclusions* respecting tb(i comparative antiquity of the 
two systciiis. The commencement of the Iron Age, which to the one 
is of cardinal importance as an astronomical epoch, is to tlic otlier 
kimply a chronological e^ having no astronomical significance. Now 
if, as has been shown in our notw to be altogether probable, that epoch 
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is in fact of .'istronoiaical origin, being arrived at by retrospective calcQ' 
lation of the plauutary motions, wo can hardly avoid the conclusion that 
the systewi whjch pr^ciits it in its true cliaracter is the more ancient 
and original.* 'Lliis coiiciusiou is strengthened by the notice taken of 
the opoiih by the Siddhhnta-^iromani and its'kindred troatises. We do 
not see how tiicir treatment of itjs to be explained, excepting \>pon .the^ 
supposition that a general conjunction at that tune was already so firmlyi* 
established as a fninlamental dogma of the Hindu astronomy, that they 
were compelled, even while rejecting the theory of brief cycles and «- 
curring conjunctions, to pay it homage l)y so constructing their elements 
that these should cxiiibit at least a very near approach to a conjunction 
at the moment We aro clearly of opinion, therefore, tliatj apart from 
ail consideration of the relative age of the separate treatises, the sysiciA 
represented by the Surya-Siddlianta is the more ancient. 

Mean Places of the Planets, 0 o'c A.M. at Ujjayinl, Feb. 18iA, Ji. C. 3102. 

I I ~ ; [ 

Planet iSid(lhilnta-(,'iroin.aiii.! Arja'Sidcllislnta. l*ilrA<;ara-Siddhdata., 


Sod, 

i ** 

i o 

o 

0 

0 

11 

o 

Cl 

0 

n 

(} 

0 

0 

0 

McFcnrv, 



y-i 

?y 

1 1 

ai 


36 

• 11 

ai 

17 

17 

Venus, 

1 ‘ ^ 


■U 

i.i 

T I 

97 

/ * 

la 

11 

afi 

58 

34 

Mnrs. 

! ^ ^ 

99 

3 

5ii 

0 

(1 

O* 

0 

II 

ay 

i4 

38 

Jupiter, 

i 11 

ay 

’7 

Yi 

11 

97 

n 

§ 

la 

II ■ 

27 

a 

53 

S.aLuru, 

1 1X 

aS 


34 

0 

II 

0 

0 

II 

a8 

5? 

aa 

Muon, 

() 

0 

i> 

II 

0 

11 

U 

(1 

0 

1) 

10 

48 

apsis. 

i 4 

5 

99 


4 

3 

Oo 

34 

4 

5 

la 

ay 

node. 

! '* 

1 

la 

OB 

0 

a 

38 

a4 

5 

a 

49 

la 


Va p. 20. We prc.sc‘nt in the annexed talile, in tlic s.'une fornr as 
above (imtc H), the clciuonts of tliu mean niutiuns of the planct.s as cor- 
)-ei;ted by the bija. 


Mean Motions of the 3*lanets, as corrected by the hija. 


* FUnat. 1 

1 

'J'iRiq of 

1 siilnra:il mvulutioiL | 

‘ " 1 

Mrsn daily niotimi. ; 

1 "" 

Masa yearly motion. 

Murcuiy, 

d 

87.ylig78j.175. 

1 ■ 

i4.73a.33i8a 

. '* 

5,380,984.196 

Venus, 

334.69895152 

5.767.11717 

2,106,658.695 !' 

Jupiter, 

4 , 33 a. 4 i 58 ia 77 

299.14076 

109,260.981 

Saturn, 

j 10,764.89171 ’’83 

iaci.39136 

43.97a.g46 ' * 

Muon's apsis. 

1 3 , 237 . 130 1559a 

, 4 oe y 7 ^i »9 

. 146 , 456 . 119,1 

69,670.^ ,1^ 

“ node, 

1 _ > _- —:— 

i 6.794 a 8 a 8 o 845 

190.7^861 


8 . p. 23. At the time when wc wrote out note, wo .had not Q^Qjunrjld 
that ISentloy himself explains, in a tbot-note to page 117 of his^ork, 
this apparont error. In the case of Murouiy, since the number of rovo- 
hitiuns os stated by the text of our treatise did not yield him the result 
which ho dQiurod,hc has quietly taken the liberty of altering it from 
17,937,000 to 17,037,024, assuming, as his jpMification, an error of the 
copyists which has not the slightest plausibility, and ignoring the tact 
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that the^orrcrtiieRo of tlic former number is avouched by its occurrence 
in ot^ier treatises. It is highly characteristic of Bentley, that he has 
thus arbitrarilv aiiieiidcd one of the data npon.wlycli he rests the most 
. important of liis general conclusions, a conclusion which, but for such 
emendation, would be not a little weakened or modified. Any one can 
see for himself, upon referring to our table given on page 44, with liow 
mucli pl.'msibility Bentley is able to deduce, trom the dates of its fourth 
column, the year A. D. 1091 as that of the composition of the Sfirya- 
Siddli&ntA. Wc have been solicitous to fdlow Bentley all the credit wc 
' possibly could for.his labors upon the Hindu astronoiny, but wc cannot 
avoid expressing here onr settled conviction that, as an authority upon 
the subject-, he is hardly more to be trusted than Bailly himself^ that his 
. work must bo used with the extremest caution, and that his detenuina* 
, lion of the successive epochs in the history of astronomical science in 
India is from beginning to end utterly worthless. 

9. p. 23. We have not fulfilled onr promise to recur in the eighth 
chapter to the subject of the sun’s error of position, because we felt our¬ 
selves incompetent to ca-st at present any valuable light upon it Noth¬ 
ing blit a cjircful and thorough sifting and comparison of all the earliest 
treatises, iugethcr with the traditions (ircscrved by the nomnicntators, 
and the practical methods of oonstrnetiun of the calendar, is likely to 
settle the question as to the mannci' in which the clcinciifs of the ]>lan- 
etary orbits were originally made up. 

, 10. p. 24. In making out our comparative table of sidoi-cal revolu¬ 

tions, we have calcniated the colmnn for Ptolemy as wc conceive that 
he would himself have calculated it, had he been called upon to do so. 
HI. Biot, having jh view an object dilTcreiit from oni's, has cnrefnlly re¬ 
vised I’tolcniy’s 'processes (see his IVaitd Klemuntairc d’Astronomic 
Physique, dd„ v. H7-V1), and has dcdnocrl from tJie latter’s original 
data what he regards as the true times of sidereal i-cvolntion of the ])ri- 
mary planets furnished by them; lii.s jicriods are accordingly slightly 
different from those presented in onr table. 

Colebrooko (As. Jlcs., .\ii. 249 ; K<says ii. 41?) lias also given a com¬ 
parative tabic of. the daily motions of the platlcts, but has comniittoil in 
it the gross error of setting side by ftdc the sidereal rates of motion of 
the Hindu text-books and the tropical rates of Ptolemy and Lalandc. 
Of course, bis data being incuniiiicnsnrable, the conclusions he draws 
from their comparison arc erroneous. 

m ■ 

11 . p. 27, Wc ad<l, in the following table, a comparison of the po¬ 
sitions of the apsides and nodes of the planets a.s stated in our treatisc^— 
being those which arc adopted, with unimportant variations, by,all the 
schools of Hindu astronomy—witli those laid down by Ptolemy in his 
Syntaxis. The latter we giifc as stated by Ptolemy for his own period, 
witliout reducing them to tleir value in distances'from the initial point 
of the lliiKln sphere. The actual distance of that point, or of tho 
vernal equinox of A. D. 530, from tho vernal equinox of Ptolemy’s time, 
is about 5^”. Wc should remark also that Ptolemy does not state 
. expressly and distinctly the positions of tlie nodes: we derive them from 
'*the rules given by him, in Uie sixtii chapter of his tiiirtobnth Book^ for 



148.] 


283 


Additional Noies^ elc. 


w 

calculating the latitude of the planeta: not being, however, altogether 
confident of our correct understanding and interpretation of iho^ rules. 

Fontiona of the Apaidea and Nodea of tlu Flaneta. 


Planet. 


j Sflrya- i 
'Siildlifinta. 


Ptolemy. iDilTcrence. 


Apndea; 

1 

-1 • 

r 

i 

1 

1 

• 

d 

->■! 

. ! 

Bun, 

77 

i5 

1 65 

3o 

+11 

45 i 

Mercury, 

: 330 

26 

i 190 

0 

+ 3o 

36 1 

Venus, 

i 79 

49 

■ 55 

0 

.+ 34 

49 : 

Murs, 

, i3o 

I 

ti5 

3u 

+14 

3i' i 

Jupiter, 

■ *71 

1(5 

161 

0 

+10 

16 ' 

Saturn, 

I 336 

38 

3.33 

0 

+ 3 

38’ 

Jf^odea : 
Mcrourv, 

30 

44 

10 

0 

+10 

44 

Venus, 

59 

45 

.55 

fi 

+ 4 

45 

Mars, 

4(1 

4 

35 

3o 

+14 

34 

Jupiter, 

; 79 

4i 

5t 

0 

' fsS 

4f 

Sntiirn, - 

■ lOB 

3'i 

i83 

0 

-82 

35 


It will be perceived that the ditl'orciK’fs hero are not so great .is to ex- 
chidc the supposition of a ronnecteil origin. We do not ourselves be¬ 
lieve that the Hindus were ever suilieientlv skilled in observation, or in 
the di.‘>eua<«ion of the rc.siilts of oiiscrvation, to be able to derive such 
data for thciusplvcs, or even intelligently to inoilify and improve them, 
when oi)taincd from other sources. In onlor, however, fully to under¬ 
stand the relation of the lliiidii to the (ircck science in this part, we re¬ 
quire to know, first, what wore tlic positions assigned to the apsides and 
nodes l>y (.ireek astronomers prior to rtolcmy, and secondly, what we^ 
their actual positions at the periods in (|uostion. Upon the first point 
no information appcsirs to have been liaudcd down to our times; and as 
regards the other, wo have not found any luodern determination of tlie 
desired dafai, and .aru not oui'.<cives at present in a situation to undertake 
so intricate an<I laborious a calculation. 

13> p. 20. The era oT the kali yngti^ or Iron Ago, is not in prac¬ 
tical use among the Hindus of tlic^'pi'csent day : two others, of a less 
remote date, arc ordinarily employed by them in the. giving of dates* 
These are styled the eras of ^Ulivlihana and of Vikram&di^'a respect¬ 
ively, from two suvei'cigns so named : their origin and histdricai signifi- 
CHUUC are matters of much doubt and controversy. Tlic years of tlie 
era of y&livkliuua are, aceonling to NV'arren (Kala Sanknlitsi, p. 381 and' 
elsewhere), solar years: their reckoning conn lenccs .iitcr the lapse pf 
3l70 qpnpletn years of tlio Iron Age, or early in April, A.D. TS: the 
lt82na yiear, accordingly, coinciding with the 49Ql8t of the Iron Age, 
Goniiucuued, as is shown by the table on ^ 30, April l'2th, 1859, and 
ended April lltli, 1860. The years of this era arc generally cited os 
foka or years. In the other era, the luiii-solar reckoning is followed 
(Warren, as above, p. 391 and elsewhere); imd its first year begafi with 
the S045th of tlie Iron Age, or early in 58 B. 0.: its 1962nd year, coin¬ 
ciding vrith the 496lBt of the remoter era,'commenced (see table on p;' 
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30) April 4tli, 1859, and ended March 22nd, 1860. The yejirs of thi» 
era are. called and ijuotcd as aunivatmra years, or, by abbreviation, sim¬ 
ply samvaL 

13 * p. 39. M. Vivien dc Si. Slartin (in J alien’s Mdmoircs dc lliouen- ^ 
Thsaug, ii. 258) supposes the i.ilue of the U in use in China during the 
seventh oontury to have been abmit 320 metres, or 1080 Kuglish foot. 
This woidd make tlic values of the three kinds of yojana mentioned by 
the liuddliist traveller to be 6,t, 0^, and 3^- English nules respectively. 

14 . p. 4J. Ill the first table upon this page, wo ^vc, by an over¬ 
sight,'given the earth's holioeentrio longitude, instead of the sun’s geo¬ 
centric longitude. To the sun's place .us stated, accordingly, should be 
added, 180^. • 


15 * p. 52. M. Biot (Journal dcit Savants, 1859, p. 400) suggests that 
the Hindus, like Albategniiis, obtained their sines <Urcct1y from the 
chords of Hipparchus or rtolciby. This may not be an altogetlicr im¬ 
possible supposition, but it i.s at Ica^t an niinccr'ssarv one, for they cer¬ 
tainly bad geometry enough, at the time of the clai>oration of tln-ii- 
astronomical system, to construct their lahle iiidcjieiidontly. ^iir notes 
have presented X)cl.‘iiiibre'8 view of the ineiliod of it.s ennstru 'tion and 
the reason of its limitation to ares whi.-h are imillijiles of .‘S'’ 15'. \Mo 
canuot but feel, however, upon inaUirer eiui^idiM-atioii, that tlie ■■(•rrecl- 
ii6ss of th.at view is very (|iiestii>iial)le; that the lliiiilns emilil in-olndilv 
have made out a more complete table, if they hail chosen to do so; uiid 
that a sufficient reason is found for their scleelit>ii of the are. of 3° -15' 
in the faet. that it U a natura! subdivUion of a rei‘ogiii7.e<l unit, llu- are of 
30", whih; ilii; .■eru.'> of tweiily-four sines was .'iiillii'ieiitly full and aft-u¬ 
rate for tln-ir list's. Wo have l>eeii at the pains to eniculatu llie eomplcte 
series of Hindu sines iVoiii I'loleiiiy's table of chords, as.smniitg the value 
of radius t.o he 31.3s', in onlor to test the ijue.stlon whether there wore 
any eorrespmiilenee of errors helweeii tiieiii wliieii should pVove the ona 
to Vo deriveil from the other: our result'* are ns fol!ow<». in tbe t»f the 


instances (the Jltli, 15th, Iplh, 22iid, aii'l J-'In! sines of the. (alilc) iii 
which the value of the Jlindii .sine e.\ei'eds tiao truth, Ptolemy supports 
the error; in the otlicr three ea.sqs (tin. lOth, iTlli, and 18th oiiies), 
Ptolej]^'ulfoitls the i-ori'i-et xaliie; to ibo (Sth sine, al.so, whieh by the 
■ Hindus is made too mhiiII, Ptolemy'.', table gives its true \;d:ie, but the 
next follot\jiig sine lie makes tnn great (iiainely 1520.59, wliieh would 
give 1521, instead of 1520); this is his only independent <-rror. Tim 
evidence yielded by the eomjiarison may be regarded a.s not altogctiur 
unequivocal. 

For the benefit of any wlio may ilcsirc to make jiracticfd us& of the 
Hindu siiie.s, in calcuhillons eondiicLed according to the procossePof the 
IStirva-Sidilliaiita, w c give, upcfii the opposite page, a more detailed tublQ 
of theiii than liua beep pivscnlod hitherto, with siieh sets of ditTurciicus 
anne.ved as will etiable the eah-iilatur readily to find the sine of any 

g iven arc, or Hie reverse, without rcs(»iting to the laborious jiroportions 
y which the text coiitemplates that they should in each case be detor- 
niined.^ Bueh a table vc have ourselves found highly useful, and even 
almost indispeii'^ablo, in connection with our own calcalatiuiia. 
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Table 0 / Jlindu Sing, wi th Difereneet. 
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• 

In axnluning how the Hindnt may hare arrived at theic. empirical 
rule, as laid down in verses 15 and 16, for the development ox the series 
of sines, we have also, as mentioned in our note, followed the guidance 
of Dclninbrc. Prof. Newton, however, is of opinion tliat the nile ia- 
question was probably obtained by direct geometrical demonstration, iB« 
sonic such method as Uie following, which is much more in accordance 
with the mathematical processes exhibited or implied in other parts of 
the SArya-Siddh&nta. 

Id the quadrant AB (Fig. 34), let B F, BD, and BE be three arcs, of 

which each excccda its predecessor 

__by the equal increment D F or D £; 

and let Fm, D f, and £ A bo their 
slues, increasing by the unequal dif¬ 
ferences D h and E ( 7 . Now as £ D 
and D F are small arcs (they are 
shown in the figure of ihieo times 
the proportional length of the arcs 
of difference of the Hindu table), 
and D F A may be regarded as 
plane triangles, and the angles niailc 
by X. D at 1) as right angles: hence 
the angles El) (7 and CD/ arc ccinal, 
the triangles ED// and (JD/urc 
similar, and E D :£//:: C D: C /; or 
E//=ED.C /—C D. In’ like man¬ 
ner, DA=ED.Cm- 7 -CD. There¬ 
fore DA—Ey =:ED./m-^C D; and E^, which is the amount by 
which E* exceeds D/, equals D A-(ED./m-^CD). But, by simi¬ 
larity of the triangles CD / and DFA, FA, or /m, equals ED.D/— 
CD; and hence ED./m-^CD = (ED*-rCD»)Di, or (ED-h 
C D )2 D /. Now when E D equals 226 ' and C D 8438', E D -j- C D = 
nearly (or exactly and (ED-^CD)*=,^ nearly (more 

exM^y, Hence £ A=D/-j-DA—D/, which is equiva¬ 
lent to the Hindu rule. ^ 

^ When we wrote the note to the passage of the text relating to the* 
■inesy we turned that the rule as there stated would give the series of 
sines, luving found upon trial that it held good for the first few terms of 
the senes. Bat, it having been pointed out to us by Prof. ‘Nowton that 
the adoption of ^ as the value of EDCD could not but load to 
palpably erroneous results, we carried our calculations farther, and f-mnd 
tliat only five of the sines following the first one can be deduped from 
it by the nrocesses prescribed; that with the seventh sinttbegins a dis¬ 
cordance between the table and tbe result of .calculation by 4 he rule, 
which goes on increasing to the end, where it amonntj i to as much as 
70' in the value obtained for radius. 

This untoward circumstance, whidi may be regarded as a trait highly 
ehuracteristic of a Hindu astronomical treatise, seems to us rather to 
fisv^ the opinion that the rule is the result of construction and demon- 
itration, and not empirically deduced from a consideration of the actual, 
MMnd differences. In the latter case we should more natnndly snppoEo' 
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that it irouid have been tested thronghout by actual trial; while, if it 
had been arrived at in manner above explained, an application of it 
* ta the first few members only of Ute series might more eawy have been 
■Cfcepted as a sufficient test of its correctness. 

16. n. 59. .Wo arc not sure that the name hhuja mar'iftht origin¬ 

ally and properly belong rather to the arc than to its chora or sine. It 
comes from a root hhuj, “bend,”and signifies primarily “abend, curve,” 
being applied also to designate the arm on account of the latteris sup¬ 
pleness or flexibility. The word koti also most frequently means “the 
end or horn of a bow.” Wo might,' then, look upon the relations of the 
arc {tihantts, cApa, kArmuka) and its parts and appurtenances as fpllows.' 
The whole arc taken into account is (Fig. 2, ^ 59) QRS: of th^ ^R'C 
is the bhvja, curve or bow proper, while B Q and CS are its Vw^otis 
or horns: B 0 is the chord or bow-string {jpA etc.), or, more dnmetr 
ivoly, the bhujaJt/A; which name, by substitution for jydrdfio, is alio ap¬ 
plied to cither of its halves, BIT or HO: BF or CL is in like' manner 
the kotijyA; Rif, finally, the versed sine, is the “arrow” (para, uAu);^ 
by this name it is often known in other treatises, although not once s5 
styled in this Siddhhnta. If this view be correct, the terms bfiipa and 
knfi ns applied to the base .and perpendicular of a right-angled triangle, 
arc given them on account of their relation, to one another and 

cosine, while the synonyms of bkuja, namely fid&ii anddor^areedijpfoyed 
on account only of their agreement with it in the signification ”'am,” 
nnd not iy that which gives it its true application. For koU the treatlie 
affiirds no svnonvms. 

•r ■ 

17 . p. 6:j. M. Bularabrc, in bis History of Ancient Astronomy (i. 

4C2 etc)., has subjected to a detailed examination the rules of the Sfirya- 
SiddMiitu for the caloiihition of the equations of the centre for the sun 
nnd iiinoii, has re<liu'ed them to a single formula, and has calculated for 
each degree of a cpiadrant th^ values of the equations, comparing tiiem 
with those furnished by the iHudn tables, as reported by Davis (As. Res., 
ii. M. Biot has more recently, in the Journal dcs Savants 

^ for 1850 (p. 084 etc.), taken up the same subject anew, especially point- 
' ing out, and illustrating by figures and calculations, the error of the 
■Hiudns in assuming the \ aviation of tlio equation to be the same in all 
the four quadrants of moan revolution. 

, IN. pi 76. Neither Dclambre nor Biot (both as above cited), nor 
any other western savant who Inis treated of the Hindu astronomy, has 
foimd any means of accounting for tlic variation of dimensions of the 
planetary epicycles. In its present form ami extent, indeed, it seems to 
defy e.vplanatibn: we can only conjecture tha it may be an iinintelli- 
gent and reasonless extension to all the planets, and to both classes of 
epicycles, of a correction originally devised anil applied only in one or 
two special cases. According to Colebrooke (As. Rea, xii. 2R5 etc.; 
. Essays, ii. 400 etc.), there is^discordance among the different Hindu au¬ 
thorities upon this point Aryabhatta agrees with the Sfirya-Siddhhnta 
throughout; Brahni^npta and Bhhskara make the epicycles only^of 
Yciius and Man vari^le; Mnnlqvara, in the Siddhhnta-Shrvahh&uma, 
regards all the epicydea as invariable. 
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19* p. 02. Oar suggestion of a possible derivation of tho term yoga 
from the “ sum” of the longitudes of the snn and moon is iinquestion- 
ably orroncouB. That term is to be understood here- in the sense of 
“junction, conjunction,’* and the conception upon which is fonuded its 
application to the periods in question is that of a conjunction {yoga) of 
the moon with the twenty-seven astcrisms {nakahatra) in their order, or 
her successive coutimwnce m their respective portions. Onl>f the s\V 
tern is divorced from any actual connection with the asterisms; for wlrile 
the latter arc stellar groups, having fixed positions in the heavens, they 
arc here treated as if the twcnty-scvcn-fold division of the ecliptic foiinri- 
ed upon them had no natural limits, but was to be rechoned from the 
actual position of the sun at any given moment. 

According to Warren (K&la Sankalita, p. 74), the names of the twciity- 
seren yogas, as given by us on page 02, arc also applied by the Hin¬ 
dus to the junction-stars (yoga tar A) of the astcrisms (with the omission, 
of course, of Abhijit) : for which see the notes to the. eighth chapter. 
This fact we do not find noticed elsewhere; possibly the usage is a local 
one only. 

Of the twenty-eight yogas of the other system, to which the SOiya- 
Siddh&nta makes no reference, the names arc given by Coicbrooke as 
follows: 


I. Ansnda. 
EAlado])^ 

3. DhUmra. 

4. Praj&patL 

5. SAumja. 

6. Dhvflnkaba. 

7 . ‘DhvHjB. 

8. (JJrivatsD. 

9 . Vajra. 


10 . Muclgaro. 
If. Chntlra. 

I a. MAitra. ■ 
i3, MAnasa. 
ij. Padma. 

1 5. Ijsimbaka. 

16. Ut'piita. 

17. Urtyu. 

18 . KAa.!. 


19. Siddhi. 
an. (^!u1jha. 
ai. Amrto.^ 

аа. Muaola. 
a 3 . Gado. 
a 4 . SlAtanga. 
aS. li.'ikshasa. 

аб. Car.i. 

37. Slliira. 

Pravordha. 


Colebrookc says fartlicr: “ The foregoing list is extracted from the 
Batnamkl& of ^ripati. He adds the rule bv which the yogas are reg¬ 
ulated. On a Sunday, the nakshalrns answer to tlic yogas in their 
natural order; via. A^vint to Aininda, Hharanl toKItladanda, etc. Hut, 
on a Monday, tho first yoga (AnanJa) corresponds to Alrga^iras, the 
seednd to Ardr&, and so forth. On a Tuesday, the naksh'atra which 
answers to the first yoga is Aeleshh; on Wednesday, Hasta; on Thurs¬ 
day, Anur&dlik; on Friday, Uttara-Ashlidhfi,; and on Saturday, (’alar 
bhishaj.” 

This is by no means a clear and sufficient explanation of the charac¬ 
ter and use of tho system, yet wc seem to sec distinctly from it that this, 
no less than the other system, is cut off from any actual connection with 
the twenty-eight asterisms, since the succession of the yogas is made to 
depend upon the day of the week, while the week stands in 110 constant 
and definable relation to tho motion of the moon. 


90.. pk 102. In stating that the Sfiiya-Siddhhnta famished no hint of 
ihS pt^asmn excepting in this passage, we failed to notice tliat in one 
other place, namely in connection with the'mles for finding the time 
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when the declinations of the sun and moon are equal (xL C), the- pre¬ 
cession is distinctly ordered to be calciiinteil, and in terms which con- - 
tain an evident reference to those in which llio fact of the precession is > 
here stated. The exception, however, is one which goes to proven rather 
than overthrow, the general rule: the ]irocfss in which we are for once 
favored with explicit directions upon the point in question is the one oi 
all othenMn the work the most trivial, and the chapter which contains it 
furnishes, as pointed out by us in the notes, good reason to suspect late 
altomtftns and interpolations. We do not, Uicu, regard the statttpent 
made in our note as roquiring to he either rctifictcd or ««orionsly -modi¬ 
fied. Nor do we, althnngh fully apprccintlng the difRculty of assuming 
that the original claborators of the general Hindu system can have be«i 
igiiorant of, or ignored, the precession, regret-the force and distinctiicss 
with M'hich we have stated the cireninstances w'hicli apjicar to favor that 
assumption. Whether it bo true or false, there is nineh in connection 
with the subject which is strange, and demands explanation: and that 
can only be satisfactorily irLveii when there shall li.ivc been attained a 
more Ihordngli comprehonsiuii of the early history and the varying forma 
of the scienro in Indi:*. 

31.. p. J14. The eommenlaiT freqiiniitly styles 'the sine of nltitudo 
7iiaIu'it'ankUf ‘’great I'inimon," to disLiiigulftli it from tlio ranJku, “gno¬ 
mon.” 

32. p. im. Our slatement that the Surva-Siddliilnta employs only 
the term ffmka to dr*<i:ru.*ite, the planet'* rerjulres a wlight modification. 
In one iustanee (ii. CO) the\ arc calle*! khncArin, and in one other (ix. 9) 
khacaruy both words siguifxiiig “moving in the ether” (•sec xii. 23, 81). 

33. p. 138. Tills use nf tiu« word *• eo*t, east point," appears 

to be taken from the |iroj<‘i*ti«iiis- of celipx"*, a* «iirectod to be drawn in 
the sixth chapter. Tims, in the tigure there given (Fig. 27, p. 167), 
E AI aiul V AI reprc-seut the dU’cetions <if the equator .'uhI ecliptic with 
reference to one. .'thother at the inomeul of first i-ontact, and E and v 
aro the cast-points (^/rrfct) of those- lines n-spectively: the are Ee, ojr 
the “interval of the txvo e.-i.^t-points,” !.<« the. measure of the angle which 
the- two linos make with one another at the given time. 

31. p. 141. As promised above, we ]irosent here, by way of appen- 
cli.x to the fourth chapter of our traii.slatioii and uoto«, a 

C4i,cn.ATi0K, A(?roRniNO to tub Data and Metuoiis on thk S€rya- 
SlDDJI.i.NTA, OF TUK Ll'N.VR ECUPHH OK j'i:iIUr.\KV JStII, 1800, 

FOR THE LATITOPe AND T-OXOITCDE t’F XV ASUl' • ■ TOX. 

TlaiHy, in his work on the Hindu astronoi.iy (p. 365 etc.), presents 
several ealeulatioiis of eclipses by Hindu methods, namely of the lunar 
eclipse of July 29lli, liOO, of the lunar eclipse of June 17th, 1704,and 
of tlie solar edipso of Xov. 29th, 1704. Hut, oxving to his imperfect 
comprehension of the character aiul meaning of many of the processes, 
and owing to his incessant use of Hindu terms in the most oarbarons 
transcriptions, without explanations, .his intended illnstratioos are only 
with difficulty intelligible, and are exceedingly irksome to study. Davis, 
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in his fifst valuable articlo in the Asiatic llesearches (ii. 2^3 etc.), has 
also furnished a calculation of a lunar eclipse, as raade by native astron¬ 
omers, eoinpariii^ their results, obtained by several different methods, 
with the actual elements of the eclipse, as f^pven by the Nautical Alma¬ 
nac. As it seemed desirable to give a like practical illustration of the 
Hindu methods of calculation, in connection with this fuller exposition 
of their foundation and meaning, and by way of an additioiiiil test of the 
accuracy of the results which the system is in condition to furnish, we 
have selected for the purpose the pailial eclipse of the moon wftcli oc¬ 
curred on the evening of Fch. Glh, 18G0. Our ealentations arc made 
according to the elements of onr text .alone, without adding, like Davis, 
the correction of thc'&(;a, since our ohjeot is to iilnstrnto the text itself, 
and not the modem system altered from it. The course of the suc¬ 
cessive steps of onr processes may not everywhere strictly accord with 
that which would be pursued liy a native astronomer, as we take the 
roles of the text and apply them accoiNling to our own conception of 
their connection. 

We omit the preliminary tcnt.nlivc processes, and conceive ourselves 
to have ascertained that, at tlic time of full muon in the month M&gha, 
1. A. 49G1 (sec page 30), or aamvat 191T (sec add. note 12), the moon 
will bo eclipsed. 

I. To find the sum of days {ahart/nna, dinar&ri) for mean midiiight 
next preceding full moon. • 

The sixth day »>f Fobnian', IPtiO, being the day of full inooii (^n'frni 
md), is the fifteenth day of the first, or ligld, half of tlie lunar month 
Mfigha, the eleventh month of the year, as is shown by the tabic on 
page 80. The time, then, for which we are to find the sum of days, is 
4960? luh> 14'*, reckoning (i. 60) only from the eommonceinent of the 
Iron Age. For this period the sum of days, as found by the processes 
already suflieieiitly iilustr.ated in the notes to i. 48-51, is i,8ll,9Sl days. 

II. To find the mean longitudu of the sun and moon, and of the 
moon’s apsis. 

Tho proportions (i. 53) 

r . lau/Kifi: </• 23 ° 17' 1" 

*1*577,917,828: 1,811,981:: -j r r'‘i 3 , 33 G : 6 G, 32 orBv 3 ii g® 44' ly" 

( 488,ao3: 56im» i* i3° 43' i" 

give ns—rejecting whole revolntions, and deducting 3" from the motion 
of the moon’s ii[isis, for its position at the epoch (sec note to i. 5G-,‘>8)— 
the mean longitudes required. Those arc for the time of ineun inidpiight 
at ITjjsiyini: to find them .for mean midnight at Washington, wliieii is 
distant frrtm Uijayiiif lG7ly.28, upon a parallel of latitude 303G?.75 in 
circumference (note to i. 6.8-65), we acid to the position of each ^ 
or .42458 of its mean motion during a sidereal day. This coiTuctiun is 
styled the defdntarap/iala. Wc liavo, then, 

Irfjng. ntUJjiiy. Corrcctiuii. Lrmg. nl Wiiali'ii. 

Son, 9* a 3 ° 17' i" -f- a. 5 ' a" = 9* a 3 ° 4a' 3 " 

, Moon. 3 i 9° 44 ' 19' + 5 ° 34 ' 43 " = 3 i i. 5 » 19' a" 

' Mbon'i apas, iosi 3 ° 43 ' 1" -f a'So" = ioii 3 ° 45 ' 5 i" 




Calculation of a Lunar Eclipse: 291 


The place of tlie sun’s apsis remains as alrcad}'.found for Jan. 1st 
(note to ii. 39) : 

Longitnds of sun's apsis, 3ri7* 17^ 34" 

In applying here the con-ectiou for difference of meridian,, as well as 
in all other processes of the whole calculation into which tl^e amounts 
of motion of the planets etc. during fractious of a day enter as elements, 
wa have derived those amonuts from the motions during a sidereal day, 
and not, as in the illustrative .processes of our notes, during a mean sp- 
.lar day. The divisions of the day given in the text (i. 11-12) 1 ^ dis¬ 
tinctly stated to be those of sidereal time, and all the rules of the' treat¬ 
ise are constructed accordingly (sec, for instance, ii. .50). It is evident, 
then, that in making any proportion in which is involved the amount of 
motion during 60 n&dis, that amount is to be r^psrdcd as the motion 
during a sidereal day only. In overlooking in onr notes the difference 
between the two, we have followed the example of all tlic illustrations of 
Hindu methods of calcul.ation known to us. ‘I'he difference is, indeed, 
in a Hindu process, of very small account; but we have preferred, in 
making this calculation, to follow what wc conceive to be the exactor 
method. The mean motions daring a sidereal day of .the bodies con¬ 
cerned in a lunar eclipse are as follows : 


.Sun, 

Momi, 

Moon's .npxis, 
Gluon's iioilc. 


8' 58'' a8'" 55"" 
8' a5" 31"' ai"" 
6 ' 39 " 53'" i"" 
3' 10 " l3'" 38 "" 


111. To find the true longitudes and motions of the sun and moon; 
1. To find the sun's true longitude (note to ii. 39); 


l/ongitwle of siiu's npsia, 
iluduct sun's mean longitude (ii. S 9 ), 

Sun's 100.111 .inomaly {kendrn). 

Arc. determining the sine {hhuja —ii. 80 ), 
Sine of sun's mean anomaly 'Lhitjnjifu), 
Corrected epicycle (ii. . 18 ), 
l<!qunlioii {Jihujajiinphala —ii. 89 ), 
add to sun's mean longitude. 

Sun’s true longitude, 


3* 17® 17' 34" 

y 33® 4a' 3" 

4* a3» 35' 3i" 
36® a5' 
3o4o' 
i3® 48' 

+ 1® i8' 

9 » 33 ® 42 ' 

9 » a5" o' 


2. To find the moon’s tnic longitude (note to ii. 30) : 


Longitude of moon’s apsis, 

io» i 3 ® 45 ' 5 i" 

deduct moon's moan longitude. 

3 s i 5 ° 19' a" 

Moon's mean anomaly. 

6“ 98® a 6 ' 49" 

Arc determining the sine. ' 

a8® 37' 

Sine of moon's mean anomaly, 

1687' 

Corrected epicycle, 

3 i® So' 

Equation, 

— 30 a 5 ' 

deduct from moon's mean longitude, . 

3 s i 5 ® 19' 

Moon's true lungitudo, 

3 s 13 ® 54 ' 
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'8. To find the snn's true rnto of motion (ii. 48-49): 


Sun’s mran motion in 60 niidbi, 58' 58" 

Sine of nun's mean anomaly, ao4o' 

Difference of nines, i83' 

Daily increase of sine of anomaly, 47 ' 58" 

Equiitlbn of motion, - i' 5 o" 

add to sun's mean motion, 58' 58" 


Sun's true motion, , Go' 48" 


4. To find the moon's trim rate of motion (ii. 47-40) 


Moon's moan motion in 60 nadfa, , 78 B' 35 '' 

deduct motion of apsis (ii* 47), 6 '4o" 

Daily increase of moon’s mean anomaly, 781 ' 45" 

Sino of moon's moan anomaly, 1637 ' 

Difference of sines, 199 ' 

Daily increaso of sine of anomaly, G 91 ' 25" 

Eqnation of motion, ^ tii' 8 " 

odd to moon’s mean motion, ' 788 ' a5" 

Moon’s true motion, 849 ' 33" 


IV. To find the interval between the jrivpn instant of inidnip'ht and 
the end of the hAlf-inoiith, or tlie nioniont of opposition in longitude of 
the sun and moon, which is the middle of the eclipse. 

At the instant of mean midnight preceding full moon, we Ihivc found 
the true longitudes of tlic sun and moon, and their distance in loiigitudo, 
to be as follows: 


Sun’s true longitude, 
Moon’s do,, 

Distance in longitude, 


9 * a5® o' 
3« i?o 54 ' 

6» I a® 6' 


Hence w’c sec that the moon has still 12? G' to gain upon the siin. Wo 
have also found their true-rates of motion, and. tlie dififercncc of those 
rates, to be a.s follows: * 

- Moon’s true motion, • 849 ' 33"* 

Sun’s do.. Go' 48" 

Moon's daily gain, 788 ' 45" 

Now we make the proportion : if the moon in 60 n&dls gains iipoa 
the sun 788' 45", in how many n&dls will she gain her present distiince 
in longitude from the sun ? or 

788 ' 45": Gob{ : 736 ': 55n i3» 3p 

It thus appears that the time of opposition is 55” 13* 3 p after mean 
midnight of Feb. 5-6. This result, however, requires correction, for 
the moon’s motion has become sensibly accelerated during so lung an 
interval, and we find, u]>on cnlciilalioii, that she is then past the point 
of opposition. A repetition of the same process shows that it is ncccs- 
sarv to deduct IQv 3 p from the time stated. Then, at 55” 3^ i^r mean 
midnight, we have as follows: 
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Suq’8 maan kingitnile, 9i.>4° 36 ' 

Equatioa of place, 4 * 3°' 

Snn'g true longitude, 9* 95° Sff 

Moon’a mean longitude, 3 * 27° 99* 

Longitude of ap^ia, lo* i 3 ° 59' 

Equation of moon’s place, — 1 ° a6' 

Moon's true longitude, 3 i a 5 ° 56 ' 


By tile same process as before, the tnie motions of the two planets 
at the moment of opposltidn are found to be : 


Sun’s true motion, 60' 48 " 

Moon’s do. 854 ' 3 &' 


It would have been better to ado]it-, ns the starting-point of our cal¬ 
culations, the moan midnight following, instead of iliat preceding, the 
nppo.sition of the snn and moon, liceaiisu in tliat case, the interv'al to 
the momeii| of opposition lu'iiig so inm-h less, it might have been found 
by a single proerss, not ivniiiring larthcr correction. Tlie same change 
would have enabled us to foIlo\v strictly the rule given in ii. 60 for find¬ 
ing the end of the lunar day; which rule we were oldiged above to ap¬ 
ply in a somcwliat inudilicd liirm, because a little more than otic whole 
* lunar day wa-s found to intervene between the given midnight and the 
uiomeht of opposition. 

V. To determine the instant of local time corresponding to tlie mid¬ 
dle of tlie eclipse. 

What we have thus far found is the interval between ine-nn luidiiight 
and the moment of oppositiem. But since Hindu time is practically 
rcckoneil from true simri'se to true sunrise, we have now, in order to de¬ 
termine at w'hat time the eclipse will take place, to asecrbiin the inter¬ 
val belwoon mean midnight ainl true sunrise. 

In order to this, we recpiiro lirsl In know the equation of time, or the 
din'erciicc between mean midnight and true or apparent luidnight^ which 
is the moment >vhcn the sun actually eifissi's tlie inferior meridian. As 
concerns this eorrcclion, wo liavu deviated .somewhat from the method 
contemplated hy the text- It is there prescribed (ii. 40) that, so sfpn 
as the- sun's erpiation of llio centre ha.s been delermincd, tliere should 
at once be calinilateil from it, and ap])licd to the lopgitiidc of the two 
planets, a correction representing, in terms of their motion, the equation 
of time ; so that the distance of the moment of opposition from mean 
midnight docs not ilirectly enter into accounc at all. We have.(>rcferred 
to follow the course wc have taken, in order to bring out and illustrate 
more fully the ntte.r inadequacy of the iirescril ;-d method of making al¬ 
lowance for the ciiiiation of time, to'wiiieli wc liavif already briefly re¬ 
ferred ill the note to ii. 40. The method in question is virtually as fol¬ 
lows : the sun being found at tlic given midnijjlit to be 1° 18^, or 78', 
in advancc'of his mean place, the equation of tiino may be ascertained 
by ibis proportion: as a whole lircic is to a sidereal day, so is the sun^s 
eeuatiou of place to the time by which bis true transit wili precede or 
follow his mean transit; or, in the present case, 

91,600': 6on:: 78': on i 3 v 
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which giTCB us 13 vin&dtR, or 5^ ininntCB, as tlic value of the equation. 
But this is assuming that the sun's motion takes place along the equator, 
instead of along the ecliptic, 'which is so grossly and palpably erroneous 
that we wonder how the ILindus could have tolerated a process-which 
implied it. Their own methods ftfmish tlie means of making a vastly 
more correct determination of the eijuation in (picstion. The mean lon¬ 
gitude of the snn at the given midnight is—.after adding to it the amount 
of the precession, as determined farther on—10" 14“ 7': hence, if the 
sun were 10" 14® 7' distant upon the equator from the vernal equinox, 
or if he had that amount of right ascension,*mean and true midnight 
would coincide. But he is actually at 10* 15® 25' of fongitude. If, 
then, we ascertain whai point on the equator will pass the, meiidian at 
the same time with that point of the ecliptic, its distance from the sun’s 
mean place in right ascension will he the equation of'time required. 
This may be accomplished as follows. The snn w in the eleventh sign, 
of which the equivalent in right ascension (iii. 42-45) is 1795P : his 
distance from its commencement is 15® 25', or 925'. lienee the pro¬ 
portion (ii. 46) 

1800': 1795?:: 93')': 933? 

gives ns 022i' as the .ascensional equivalent of the part of the eleventh 
sign traversed hy the sun {bkukiasavas).' Now add together the 


Ascensional equivalents of three (|iinclrnnte, _ i6,aoop 

do. of the tenth sign, 1 i935p 

do. of the port of tlio cleventli sign traversed, 93 sp 


their sum is I9,n^-P 


which is equal to 10" 17® 37'; this, then, is the sun’s true riglit asocn- 
sion. The ditfenmee between it and his mean rigljt ascension, 10“ 14® 7', 
is 3® 30', of which the equivalent in sidereal time is 21 OP or 3.5^, or 14 
minutes. This, wdiicli is more than two and a half times ns much as 
the value formerly found for the equation, is quite nearly correct; its 
actual amount for Feb. 6th licing given liy Uic Nautical Almanac as 
14>" 20*. 

There is not, among all the processes taught in the Sfirya-Siddh&nta, 
anAher one of so incxcasably bungling a nlinracter as this, while the 
means lay so ready at hand for making it tolerably exacU 
In going on to calculate the local tiinc of the eclipse, we shall adopt 
the valuation of the eqiuition of time given by the Hindu method, or 
IS'', but we shall reserve the distance of the phases of the eclipse from 
midnight,* free from this constant error of about lO", for final compari¬ 
son with the like data given by our modern tables. 

To find the local time, we must first ascertain (ii. 59) the length of 
the sun’s day, from midnight to miduiglit, and in order to this we need 
to know in what sign the sun is. Hence we require 

1. To'determine the amount of precession fur the given date. 

By iil 9-12, the proportion • 

1,577,917,838J ■■ 0ooM» ;: i, 8 ii^ 98 id : omv 8" 8* a' i4".6 
gives us 248® 2' 14".0 as the part of a revolution accomplidied by the 
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movable point. Of this, the part determining tbo sine is 68” 2' 14".6. 
Then the fiirther pFopo|^ion 

TO: 3 :: 68® a' i 4 "- 6 : ao® a 4 ' 44 '' 


gives us 20® 24' 44" as the amount of the precession. Now, then, to 
tho 

Sun’s trjie longitude, 9* aS® 56 ' 

odd tho prccGssiou, ao^ a 5 ' 


Sun's distance from vernal equinox, lu" i6® ax' 

This qnantitj is often cxillcd sAj/ana ; that is to say, “ the sun’s 
longitude with tho jxreccRsioii {tujana) added.” 

The sun is acconlingly in the eleventh sign, of which the ascensional 
eqiiiv.alc'tit is 1795P. Jlis daily inution has been found to he 60' 48". 
lienee the proportion (ii. 60) 


i8oo': i7|>5p :: 6o' 48" : Gf'p.64 

gives us CIP, or lOv li‘, as the excess of the sun’s day over a true side¬ 
real day o'l (i() iiHilis: its length is acfordingly 00® 10’' H’, or 21,061 p. 

Next wc desire to know how nuiclx of lliin day passed between mid¬ 
night and sunrise, and for this purpo<e we havii 
2. To find the sun's ascensional dilibrencc (cura). 

a. To ascertain the sun’s dedi nation, and iU sine and versed sine. 


Tho sun's longitude, witli preresnion added (stlyana iiirya), 
Arc deterxuiniug the sine {bhuja), 

Sine, , 


10* i6® ai? 
43 ® 39' 
3372 ' 


Now, then, the proportion (ii. 2S) 

Ills'; 139 -':; jIts' : 9<‘4' 

gives us 964' as the sine of xlocliuatioii {kr&ntiji/A ); the corresponding 
arc (ii. a;i) is 10“ 17'S; its versed sine (ii. Ul-jl^) is 139'. 

b. To find the nidius of the sun’s diurnal circle (ii. 00). 


From radius, 

deduct versed siuc of dcclin.'ition, 

Biulius of diuiual circle {dinavydsadala, < 7 yu/y 4 ), 3399' 

c. To find Ihc c.'irth-sine (ii. 61). 

The measure of the equinoctial shadow at "Washington is (see note to 
ii. 01-03) O'^.US. The proportion, then, 

I2«l: 911.68 :; 96.t':: T”8' 

shows the value of the caitli-sinc {ksUitijyn, k '}f/A) to oc 778'. 

d. To find the sun’s ascensional Jiflerem e yd. 01-02). 

The proportion 

3399': 3438':: 77S': 811' 

gives the sine of ascensional difference (cnrq/'.yd), which is 811', The 
corresponding arc, or the sun’s ascunsioual Jillbruucc (cara, earadafa), is 
13° 39', or 819P. 
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3. To find the time from midnight to Bunrise. 

The Han’s declination being soiith, the aBcensipnal difference is to be 
added (ii. C2-63) to the quarter of tlie Bun’s complete day, to give tihe 
length of the half-night. That is to say, 


Quarter of sun's complete day (ai,66ip*r/i), 5 , 4 i 5 p 

Sun's ascensional dif^rence, 819P 

Sun’s halfnight, Gi,a 34 p 

Tlie intcrx'al between tnic midnight and true snnnse is therefore 
6,234]^ or 17® Tliat from aunrise till noon (a quantity required in 
1ate.r processes) is found in like manner by subtracting the ascensional 
difference from the quaiicr-day: it is dSOOP. 

Now then, finally. 


Time'of opposition, reckoned from mean midnight, 55n 3» 

deduct equation of lime, i 3 v 

da reckoned from true midnight, 54 " So* 

deduct interval till sunrise, lyn 19V 

do. reckoned from sunrise, '37n3iv 


Tlie time at whicli the oppi»>ition of the sun and moon in longitude 
takes place, or tlic middle of the eclipse, is aecordingly, by civil reckon¬ 
ing at Washington, 37" 3J''. 

V I. To dcteniiinc the diamolors of the sun, moon, and shadow. 

1. To find the sun’s a[iparout. diaineter. 

^ The sun’s moan motion hi a sideroal ilay being 58' 58", his true mo¬ 
tion at the time of the eclipse being 6t)' 48”, and his mean diameter 
6500 yojanas, we find, by the proportion (iv. 2) 


58' 58'^: (xi' 48" :: 65or,y : 67027.81 


that the sun covers of his nie.m orbit, at the time of the eclipse, 0702.81 
yojanas. This is rcdoced to its value upon the moon's mean orbit by 
the proportion (iv. 2) 

STjT’JI.HG : 4 , 3 a'),cx^o :: 67022.81: 5oiy.37 

Anfl upon dividing the. result, .>01.37 yojanas, by 15 (iv. 3), we find the 
sun’s jmparent diameter to be 33' ? j«. 

2. To find the moon’s apparent diameter. 

In like manner a.s before, the proportion (iv. 2) 

788' a 5 " : 854 ' 36 :: 4807 : 5207.3 

shorn ns that the moon’s corrected dininctcr is S20.3 yojanas. Tliis also, 
divided by 15 (iv. 3), gives the value of the moon’s apparent diameter in 
arc: it is 34' 41". 

3. To find the dkineler of the cartli’s shadow. 

The following proportion (iv. 4), 

788' a 5 " : 854 ' 36 " ;: 16007 : i734r.3 

determlucB the value of the earth’s corrected diameter (siiei) to bo 1734.3 
yojanas. 
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Again, from the 

Son’s corrected dometer, 67027.81 

deduct the earth's diametCT (ir. 4), 1600 

remains Sioaj.Si 

and this remainder, when reduced b]r the following proportion (iy. 6), 

CSooj: 4807 :: Sioay.Si: 3767.8 

gires us the excess of the earth’s comicted diameter (sdet) over the di¬ 
ameter of the shadow on the moon’s mean orbit. Hence, from the 


Earth's corrected diameter, 17347.3 

deduct last result, - 3767.8' 

Diameter of shadow, . 13577.5 

divide by i5 

Diameter of shadow in arc, 90 ' 3o" 


VTI. jl'o determine the moon’.s latitude at the middle of the eclipse, 
and the amount of greatest obscuration. 

The proportion (i. 53) 

1,577,917,828 : a 33 ,a 38 :: 1,811,981 : a66ra».8« 7* 28' a 5 " 

gives us the amount of retrograde motion of the moon’s node since the 
coiniiicnccinent of the Iron Age. Deducting from this 6 >, for the posi¬ 
tion of the node at that time ^ote to i. 56-58), and taking the comple¬ 
ment to a whole circle, we have 

Longitude of moon’s node, mean midnight, at Ujj., 
deduct for difference of meridian. 

Longitude of moon’s node,' mean midnight, at Wash’n, 
deduct motion during 65 n 3 *, 

Longitude of moon’s node at moment of opposition, 
subtract from moon’s longitude (il 67)b 

Moon’s distance from node. 

Arc detoimining tho aino {bhuja). 

Sine, 

Hence the proportion 

3438 ^: 270':: 209': 1*6' 25 " 
gives us, as the moon’s latitude at the moment of opposition, 16' 25" S. 


Now, then, by iv. 10 - 11 , 

Bomi-diameter of edipsed body ( 34 ' 41 "-r 2 ), 17' 22" 

do. of odipsing body ( 90 ' 80 "-r 2 ]t 45 ' i 5 " ■ 

iheir sum, ‘ 62' 37" 

deduct moon's latitude, 16' aS" 

Amount of greatest obsc u ra ti on (gntia), 46 ' 12" 


and since this amount is greater than the diuneter of the eclipsed body, 
it u evident that the eclipse is a total one. 


9 S 22 ® 3i' 35" 

,/ a^/# 

9 i 22 ® 3o' i4" 
2 ^ 55" 

91 22 ® 27 ' 19 " 
3* 25® 56' 

6 * 3® 29 ' 

3® 29 ' 

209 ' 
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This is a most unfortunate result for the ITindn calculation to yield i 
for, in-point of fact, the eclipse in question is only a partial one, obaenr- 
ing about fonr-fifblis of the diameter of tlic moon’s disk. The source of 
the error lies mainly in the misplacement, relatively to the sun and moon, 
of the moon’s node, and tlic consequent false value found for the moon’s 
latitude. The latter quantity actually amounts, at the time of op][JOsi- 
tion, to 35' 42", or more than twice tlic value given it by the Hindu 
processes. And it will be seen, on referring to the table on p. 44, that 
the relative ciTor in the place of the moon’s node, having been accinnu- 
latinff for seven centuries, is now about and so reduces, by more 
than iialt^ the true distance of the moon from her node. W'c have tried 
whether the admission of the con'cction of the Mja would bettor tliqrcr 
suit, but that is not jlhe rase. : the error of imsition is still (sec the table) 
nearly 2°, and the mqon’s latitude is increased only to 24' 11", so that 
the eclipse still appears to be total. It is evidently high time that a new 
correction otbtja be applied by the Hindu astronomers to their elements, 
at least to such as enter into the calculation of eclipses. 

YlII. To find the duration of the eclipse, and of total olSscuration, 
and the times of contact, immersion, emergence, and separation. 


Diameter of the eclipsing body, the shadow. 

90 ' 3()" 

90 ' 3o" 

do. eclipsed body, thu mouii. 

34'4i" 

34'4i" 

Sum and difference, 

125' II" 

‘ 55 r 49 " 

Hslfanm and half-difference (C M and C N,Fig. 21 , p. 133), 

6 a' 35" 

27 ' 55" 

Squares of do., 

3919' 

724' 

• deduct square of latitude, 

269 ' 

269 ' 

remain, 

365o' 

405' 

Square roots of remainders (C A and C B), 

60 ' aS" 

ai' 19 " 


In order to reduce these quantities to time, we need first to ascertain 
the difference of the true daily motions of the sun and ^noon at the 
given moment: 


Moon’s true daily motion. 

Sun’s do.. 

Moon’s gain in a day, 

Hence the proportions (iv. 13) 


793 ' 48" ; Go“ :: | 


60' ab" ; 4" 34* 
ai^ 19 '' : 36y 4p 


854' 3G" 
Ga' 48" 

793 ' 48 '' 


give us the half-duration of the eclipse as 4“ 34^, and the half-time of 
total obscuration as 1” 36^ 4i', supposing the moon’s latitude to ininain 
constant through the whole continuance of the eclipse. We now pro¬ 
ceed to correct these results for the moon’s motion in latitude. And 
first, us regards the half-duration. Wo calculate the amount of motion 
of the moon and of her node during the mean half-duration by the fol¬ 
lowing proportions (iv. 14): 

6on: 854' 36":: 4" 34*: 1 ® 5' a" 

6on: 3 'io"::4»34*: i4" 
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Firthor, 

To and from moon's long, at opposition, 3 * aS* 56' 3» a5® Sd* 

add and subtract motion during half-duration, 5' i** 5' 

Moon’s long, at end and beginning of eclipse, 3a 27 ° 1 ' 3> a 4 ° 5i' 

From and to long, of node at opposition, 91 aa^ vf ai" 9 * aa° vf ai" 

subtract and adV motion daring half-duration, 14 " 14 ^' 

Long, of node at end andbeginnug of edipse, 9 > aa° vf 9 * aa° aB* 
Moon’s distuice from node, 6 " 4 ° 34' a° a3' 

Arc detennininir sine. 4^34' a° a3' 


Long, of node at end and beginnug of edipse, 9 > aa° vf 
Moon’s distuice from node, 6 " 4 ° 34' 

Arc detennining sine, 4^34' 


274 ' 

■at'3i"S. 


i43' 

iri i4"S. 


Moon’s latitude at end and beginning of edipse, 'at' 3i'' S. iri 14" S. 

Fron> these valuations of the latitude we now proceed to calculate 
anew, in the same manner as before, the half-durations, as follows: 


- Square of half-sum of diameters, 
deduct squares of latitude, 

remain, 

Square roots of remiiindun. 

And the proportions 


3919 * 3919 ^ 

463' laS' 

3456- 3793' 

58* 47 ". 61 ' 35" 


,93 48 


give ns the corrected values of the intervals between opposition and con¬ 
tact and separation respectively, or the former and latter half-dnrations, 
as 4« 39V 2a and 4" iHi*' 3 p. 

The text contemplates the repetition of this corrective process, if still 
greater accuracy be required in the results cittained : we have not thought 
it worth while to carry the calculation any farther, as a second correc¬ 
tion would he of altogether insigniheaut amount. 

By a like proces!$, the former and latter half-times of total obsenra- 
tion, and the moon's latitude at immersion and emergence, are found to 
he as follows; 


Moon's latitude at immersion and emergence. 
Half-times of total obscuration. 

By adding the two halves wo obtain 


i4' 36" 18 ' i3" 

,in 4 av 3p IB 39 * 4p 


Duration of tlie edipse (iitM/i), 90 5 * Sp 

do. of total obsfmratioD (vimai^), 3n lav ip 

And by suhlracting and adding the half-times of duration and of 
total obscuration from and to the time of o] position (iv. 16-17), we 
obtain the following scheme for the successive ^'hases of the eclipse: 

Time of oeeazTeiiCA: 
after mean iiiiilniKht. oUereanrlee. 

First contact, Son aJv 4 p Sib 5i» 4p 

ImmerdoD, 53i> jnn 3p 35 b 48* 3p 

Middle of edipse, 55 n 3 v op 870 3i* op 

Emergence, 56 b 3a* 4p Sja o* ip. 

lest GODtifit, 59* 39* 3 p 4 i* 57* 3 p 
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rnie proper calculation of tlie cclipso is now completed. If, howeyer, 
we desiro to project it, we have still to determine rac mUma, or deflec¬ 
tion of tiic ecliptic from an east and west line, for ita different phaaca, 
as also the scale of projection. We will therefore proceed to calculate 
them, defen-ing to the end of the whole process any comparison of the 
results we have obtained with thBae given- by mo(^rn astronomical 
science. 

IX. To calculate the deflcctiun of the ecliptic from an cast and west 
line (valana) fi>r the middle, beginning, and end of the eclipse. 

1 . For the middle of the cclipso. 

a. To find the length of the moon’s day and night respectively at the 


given time. 

- 

Moon’s longitude at opposition. 

3i*25®56' 

Precession, 

20 ® 25' 

Moon's distance from vernal equinox; 

4 » 16 ® 21 ' 

Arc determining sine, 

43®3’9' 

Sine, 

*.. 372 ' 


The moon’s declination is then found by the following proportion 
(ii. 28): 

3438': 1397 ':: 2372 ': 964 '=sin i 6 » 17 ' 

Now, from 

Moon's dedinapon, * 

deduct her latitude (ii. 88), 

Moon's true declination. 

Sine of do., 

Yened sine of do., 
deduct from radius (ii. 60 ), 

Moon’s day .radius, 

Again, to find the earth-sine, w'c say (ii. 61), 

12 J : 9 d .68 :: 948 ': 766 ' = earlh^inc. 
and to find the ascensional difference (ii. 61-62), 

33 o 3 ': 3438 '.:: 705': 796' -rssin i 3 ° 24' or 8 o 4 '. 

The excess of the moon’s complete rovolation over a sidereal day is found 
by the proportion (ii. 59) 

1800' ■ 1795P ;: 849' 33 " ; 848 P 

Adding this to a sidereal day, or 21,Qf)0P, we find tliat. the moon’s day 
is of 22,448P, of which one quarter m 561 2p. Increase and diminish 
, this by the moon’s ascensions difference (ii, 62), and the half-day and 
half-night are found to bn 641 Gp and 4808p respectively. 

All this laborious process of ascertaining the length of the moon’s 
half-day, or tlie time which, with the given declination, she would oc¬ 
cupy in rising from the horizon to the meridian, is rendered necessary 
by the correction which the commentary applies to the rule of the text 
in which* the moon’s hour-angle is involved, as pointed out in the note 
to iv. 24-25 (p. 140, above). We noVr proceed 


16 ° 17 ' N.‘ 
16 'S. 


160 I'N. 
948' 

135' 
3438' 
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b. To find the hobr-anglc, and the corrected hour-angle. 

At tlie moment of opposition, the moon’s hour-angle is evidently Ilia 
same with that of the suii. llcncc it may be found as follows f' • 

Time of opposition reckoned from sunrise, 37“ Si*, or t3,5o6r 

deduct the whole day, 9,1921* 

4.3i4P 
6,33 Sp ■ 

I,93lP 

meridian is accordingly 


remains 

deduct from the half-night. 

Sun's distance in- time from inferior meridian. 


The moon’s distance eastward from the upper 
1021 P. This is corrected, or reduced to its proportional value as a part 
of tlic moon's arc of revolution from the horizon to the meridian, by the 
followiiijr proportion: 

O-tifip ; yejO :: igaip; aO" 

The moon’s ctrrcided hour-angle, then, w 20® oT' : its sine is 1557'. 

Toii\‘toriniiic the amount of defection for latitude [yalun&nf&s^ or 
tikifha vahiia —iv. *2^). 

Tin; siuij of tlio latitude of Washington, 38® 54', id . 2156'. Hence 
the ]n‘uportiun 

3.{?S': Tj ) 7 ';; aiSS' : 9-’7'=5iii i0° 3i' 

givi'-j us 10” 31' as the value of the quantity sought. Thu moon being 
ill the eastern hf-iiiisphore, it is to be reekoned as north in direction. 

d. 'Po ileteriiiitie the amount of deflection for coliptfc-dcviation (dyaiia 
valtiiifi —iv. 25). 

Moitn's distance from vumal equinox, 4* i5” ai' 

iuld a ([uiulrant, 3* 

thoir siiui, 

arc determining sino, 
billO, 

Ueiico, li}' ii. 28, the proportion 

3 .| 38 ' ; J397': : 3486': 1010'=sin 17® G' 


7* Mi’ ai^ 

46® ai' 
3486 ' 


gives IIS 17° U' as the amount of declination of the point of the ecliptic 
which i.4 a qiiiidri||it in advance of the moon, and this is the deflection 
required. Us direction is south. \Vc are now resuly for the final process, 
c. To ascertain the net amount of defluctiuu {mtanaj, in digits. 


From the ecliptic-duflcction, 17® 6' S. 

deduct the dellect'iou for laUtude, 16® 3i' N. 

remaius the net dcdcctioD, iu arc, - 35' S. 

divide tiv. 2j) by 70 

Defleution in digits, o^.So 9. 


It thus appears that, at the moment of opposition, the part of the 
ecliptic in which the moon is situated very nearly coincides in direction 
with an east and west circle. The amount of deflection is so small that 
39 • 
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ia OUT projection, given in connection with the sixth chapter, we were 
obliged to execrate it somewhat, in order to make it perceptible. 

2« For the beginning of the oclipc. 

As, owing to the moon’s motion in latitude and longitude, her decli¬ 
nation, and so also her nscensional diifei-cnce, are not precisely the same 
at.the beginning and end of the eclipse as at the moment of opposition, 
we oiiglit in strictness to repeat, the lirst pai-t of the pi'cccding calcula¬ 
tion, determining anew the length of the moon’s half-day, as- it would 
he if she iflade her whole revolution about the earth with those declina¬ 
tions respectively. Tliis we, take the liberty of omitting to do, as the 
modification thus introduced into the process would be of very snisll im¬ 
portance. 


a. To find the moon's corrected houi^angle. 
ad first, for the sun’s honi'-anglc : 

Time of first contact, reckoned from sunrise, 3an Si* 4 p, or i iiSSoP 
deduct the whole day, 9.i9aP 

remain ' «. 638 p 

deduct from the half-night, 6 ,a 35 p 

Sun's distance in time from inferior meridian, 3,597P 


This, then, is the hour-angle of the centre of the shadow at the time 
of coiituct. The distance lU' the centre of the moon in longitude from 
that of the shadow'was found above (under VIII) to be 61' 35". This 
is reduced to its vgilue in right ascension by the proportion 

i 8 ou'; i 795 p;: f)i'35'': 6iP.4 * 

Now, then, 

from the liournnglc of tiio shadow, 3,597P 

deduct the dilTercncc of the moon's right ascension, 6iP 

. Moon's hour-angle at beginning of eclipse, 3 , 536 p 

This is virtually an application of the process taug'ut in iii. 50. 

Th^ moon’s hour-auglc is now corrected, as 'uefore, by the proportion 

64 i 6 p : 90 ° ;: 3536P : * 19 ® 36' 

The sine of 49° 30' is 2617'. 
b. To find the deflection for latitude. 

The proportion • 

3438 ': ai 58 ':: 2617': i 643 '= sin a8° 34 ' 

'gives us the deflection for latitude ns 28° 34', which is north, as before. 


c. To find .the ccliplic-deilcction. 

Moon's distance from vcinal equinox at opposition, 4 " 16° ai' 

deduct motion during 4 " 39^ ap, 1^ 6' 


do. at time of coutoet, 4 * i 5 ' 

add a quadrant, 3 a 


sum, 7* i 5 ® i 5 ' 

- arc determining tine, 45 ° 1 5 ' 

line, a44i' 
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Next, the proportion . * 

3438 '; 1397':: 2441': 992' = tin 16® 4 ?' 

thowB us that the ecliptic-deflection is 16® 47'; it isi as in the former, 
case, south. 

d. To find the deflection, in digits. 


From the deflection for latitude. 


28 ® 34 'F. 

deduct Uic ecliptic-defloclion, 


16® 47' S. 

remains the net deflection, in are. 

• 

ii® 47 'lf. 

its sine is 


70a' 

divide by 


70 

Deflection, in digits. 


iod.o 3 N. 


.1. For the Olid of the eclipse. 

Of this process, Avhich is throughout closely analogous to the last, wo 
shall present only a brief statement of the results. 


Ilour^ng;le of the centre of the shadow, 3 j 9 PE. 

Distance of the centre of the moon in right ascension, 59P E. 

Moon's hoar .ingle, 38 ipE. * 

do. corrected, 5 ° 20' 

Sine, 320' 

Deflection for latitude, 3 ® 21’ N. 

Moon’s distance from vernal equinox 4 * 7* ' 7 ° 

Arc dutcriuiniiig sine, 4 ?® 34 ' 

Sine, 253o' 

^fliptic-drfloctinn, 17® 74 ' S. 

Nut deflection, in are, • i4® 3 'S. 

{lu. in digits, ii<l.93 S. 


The mode of application of these quantities in making a projection 
of an eclipse is sullicicntly explained in the notes to the sixth chapter, 
and illnstrated by the figure there given, which is adapted to the condi¬ 
tions* of the cclip.se here calculated. All the quantities entering into the 
projection, however, of which the value has been stated in iniiiiitcs, re¬ 
quire also to be reduced to digits, according to a scale determined by the 
following process. ^ 

X. To determine the scale of projection of the disks and latitudes 
(iv. 20). 

This process wc will perform only for the moment of opposition, oe 
for the middle of the eclipse. At this time, as has been seen above, w# 
have 


Moon's hnlf-diiy, 

(MiGp 

do. hour-angle (nuta), 

1921P 

do. altitude in time (icnaota). 

4495P 

add 64 i 6 PX 3 ' 

19.348P 

the sum is 

a 3 , 743 P 

divide by 

6 , 4 i 6 p 

the quotient ie 

3.7 
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Mune with those illustrated by us in-the notes to i. 21-23,24,48,48-51, 
above. Tt will be noticed that the Hindu astronomer, at least when' 
working out aii illustrative process, like the one in hand, scorns to make 
use of any of tlio ineahs for reducing the labor of computation which 
.tile text directly or impliedly permit^ and of which, in our own calCu* 
''lations, we have been glad to avail ourselves. 

II. To ascertain the mean longitudes of the sun, the moon, the sun’s 
apsis, the moon’s apsis, and the moon’s node, for mean midnight on the 
Hindu meridian, at the given inten-al from the creation. 

The amount of motion, since the creation, of the bodies named, in 
their order, is found by the following series of proportions: 

1,577,917,828 : 714,404.106,527 :: 4,32Q,oao: 1,955,884,955»v ja lao i^/ 

1.577.917,: 7i4/io4,io6,527 :: 57,753,336 : 26^147,889,1 iSra* n 90 44' 39" 

1,577^917,828,000 : 714,404.106,527 :: 387 ; 175«t 2* 17® 17' 23" 

* 1 , 577 . 917 , 828 : 714 , 404 , 106 , 527 :: 488,2o3 : ' 22 ,i 34 , 467 ra» 2 » 21 ® 56' 9 " 

*.577.9»7|828 ; 714,404.106,527 :: 232,238 : io5,i46,o2ijrcv iqi 170 n' 5o" 

Rejecting whole revolutions, and, in the case of the mooi/s node, 
subtracting the fraction from a whole revolution, we hare, as the mean 
longitudes required: 


Sun, !■ 12® i 4 ' i 4 " 

Moon, la 9® 44 ' 59" 

Sun’s apogee, • a* 17® 17' 23 " 

Moon’s apogee, 2* 21° 56 ' • 9" 

Moon’s node, !■ 12® 4 H' 10" 

• 

' The Hindu calculator has taken, in the case of the nioon’.s apsis 
and node, the numbers of revolutions given by the text, omitting the 
correction of the bija. We have not, in order to test the iiccnracy of 
his arithmetical operations, wprkcd over again the projiortions, except' 
ing in two instances, the first and last: our results clifi'cr but slightly 
from those above given (we find the seconds of the sun’s place to be 40'\ 
and the minutes and seconds of the node’s motion to bo 12 ' A'i ")—not 
enough to render any modification necessary. 

IIL To asccitain the values of the same qu.*iutitics at mean sunrise 
on the equator, or G o'clock. 

In order to this, we nuist add to each planet’s longitude one fourth 
the amount of its mean motion in a day.. We rctpiirc, then, the mean 
daily motions. They are found as follows, taking the siiii as an example: 


1,577,917,8284 ; 4,320,0CXH'eV ; ; ,4 :69' 8" 10"' io "".4 

We omit tlie other proportLon.s and their results, as the latter have been 
fully stated in the table of mean motions of the planets (note to L 29-34). 
Adding a quarter of the daily motion, wc have as follows: 


San, 

Moon, 

Suo’a apogee, 
Mood'b apogee, 
Moon’s node. 


Long, at midnight. Correction. Loaf. at aiinriae. 

I* 12® l4'l4" + 14’47" ^ !• 12® 29* I" 

I. 9® 44 ' 29" 4 - 3 ® 17' 39" = !■ i 3 ® 2' 8" 

aa 17a 17' a 3 " + 0 ss: 2* 19® 17' a3" 

a« ai® 56 ' 9" -{- 1' 4 °" = 21* 67' 49" 

!■ la® 48 '10" €— 48 " s= id-ia® 47' aa" 
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TV. To ascoTtain tbe Taiues of the same quantities at mean sunrise 
upon the equator, on the meridian of the given place. 

Adopting 75^ 50' as the longitude of the Hiiidn meridian cast from 
Greenwich, wc have, as, the interval in longitude of Williams* College 
from it, 140® 2 ' 30", which is equal to 24“ 50’^ 2 p. The latitude ia 
42® 42' 61". \Vc have, then, first, to determine the distance of the 
place in question, upon its own parallel of latitude, from the Hindu 
meridian. 

The equatorial circumference of the earth has been found above (note 
to i. 50-60) to be 5059.64 yojanas. Its circuinforcncc upon-the paral¬ 
lel of latitude of Williauis’ CoUege is found (i. 60).by the following 
proportion : 

3438' (= A): a525'(=:cos 4a® 4*1 5i"):: 60597.64: 37157.97 

def&ntara, or difference of longitude in yojanas, is then deter¬ 
mined thus: 

t)ua : a4“ 5uv ap ;: 37157.97 : i5387.4i 


And ^e depantaraphala, or correction for difference of longitude, is 
calculated from the daily motion of each body, by such a proportion as 
the one subjoined, which gives the sun’s currection: 


• 37157.97 :1538741:: -V 8"; * 4 ' *7" 

Wc omit the other proportions, and merely present their results in 
the following table: 


Sun, 

Uoon, 

Sun's apngee, 
Uoun's apogee, 
Jluou’s qode. 


Hiiiirise .at Liiiikil. Corri'ctioii. Siinri^ic on giv. incild. 
IS lao 39' 1" + ■ * 4 ' *7" = Is 12“ 53 ' a8" 

i»i 3 " 2' 8" + 5 27 12 = 1* 18® 29'20" 

2» 17® 17' 23 " +0 = 2S 17® 17' 23 " 

2* 2|0 57' 49" + *' 45" =5 2S 22% o' 34" 

12® 47'— 1' 19" S= IS 12° 46' 3 " 


W’c have already (note to i. 63-65) called attention to the excessively 
awkward and euiubrons character of this process for making the correc¬ 
tion for dilfcrencc of meridian. 

V. To find the sun's true longitude. 


Front the lougituilo of the son’s apsis, 
deduct Bull's oicaii longitude (iL £9), 

Sun’s mean anomaly. 

Sine, 


as 17° 17' 23 " 
is 12° 53 ' a8" 

Is 4® 23' 55" 
1927' 


The diminution of the sun’s epicycle is now found by the following pro¬ 
portion (ii. 38): * 

3438 ': 20':: 1927'; 11' 12"^ ™ 


The dimensions of thc.cpicyde are, then (li 34), 14® —11'12" ia 
18® 48' 48". Next, the proportion (ii. 39) 

36o° : i3® 48' 48":: 1927'; 74' 11" , 


gives us the sun’s equation of the centre, which, by ii. 45, is additive.. 
Hence to the • * 


Sun's meu longitude, 
add the equation. 

Sun’s true longitude 


!■ 12 ® 53' 28 " 


1° i 4 ' u" 

/■ u° 7 ' 39 " 
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This ciilo.iilation rxliibits a jathcr Rerioua wror: tlie nn'e of 34" 24\ 
the anomaly, is 1942', not 1927'. The linal result, however, i» not per¬ 
ceptibly moililieil by it: the equation ought to bo. 1" 14' 30", and the 
true longitude I* 14" 7' ftS". 

* VI. "'Po find the moon's true longitude. 


From tbc longitude of the moou’e apsis, 
deduct moon's mean longitude, 

Moon’s mean anomaly, 

Sine, 

Diminution of cpirycle. 

Dimensions of epicycle, 

Equation of the centre. 


as aa° o' 34" 

IB i8® a 9 ' ao" 

IB 3® 3i' i4" ■. 
1898' 
a" ■ 
31® 48' 58" 

+ a" 47 ' 


Hcucc, to the 

Moon's mean longitude, 
add tiie equation, 

Moon's true longitude. 


|B 18® 39' ao" 

__ 

is aiO jfj. 2 q// 


VII. To calculate the tni;* daily iiiotiuiis of the sun and moon. 

The ei|iiatiuiis of motion for the sun and moon have liM'ti found by 
> the calculator of tho‘U('lip.<iu by tbc following proportion ; us ibe whole 
orbit of cilliL'i* plaiiut to it.s opicyrlc, so is its incnn ilfkily motion to 
the roqnircd equation. Thai is to say, fur thu sun, 


.3(10° : 13® 48' 48":: 59' 8": a' ifi*' 

V'liicb, by ii. 49, is subtractive. ITciicu the siiu’s true motion is 59' y" 
— 2'16'\ dr 56'6‘J". 

Againftbr the moon, 

360°; 3i® 48' 58" :: 790' 35";69’ 35"' , 


And the moon’s true motion is 790' 35"—60' 30", or 720' ,50". 

These calculations arc exceedingly incomplete and crroncou-s as may 
rcadily be seen by referring to the corresponding prm-L'ss in tlic other 
eclipse, or to that given hsuii illustration in the note to ii. 47-40. The 
actual value of tl'.e sun’.s equation of motion, as fully calc.ulatccl by the 
method of our treatise, is only 1' 51"; that of the moon is Only 58' 49": 
whence Ihe true motions are 5V' 17" and 731' 46" respectively. These 
arc elements of so iiir.ch iinportmieo, and they enter so variously into 
the after operations, that^vc hu’ i; licsitated a.s to wliether It would not 
be butter to*eaiiei‘l the avIiuIc work of the Llinchi calculator from tlii<> 
point onward, and to perform it .anew in a more L.\act manner; bn! we 
have finally eoncliided io present the wliolc its it is, as a spceimeii — 
although, we hope, not a faiorable one—of native work; pointing out, 
at the same time, its deficumces, and cautioning against its rcsiiIts being 
accepted as the b«jsi that the system is capable of afibrdiiig. 

We liavc thus tar found th(! true longitudes of tlic suii iiiid moon .fur 
the moinent^f mean sunrise at the equator, upon tlic meridian of the 
given ]ila(-c. Wc desire now farther to find tlic same data for the tno- 
meiitj£f sunrise upon the same meridian in latitude 42" 42' 51" 

' VlQ. To find the longitudes of the sun and moon at sunrise in long. 
149" 2' 30", lat. .42" 42' 51" N. 
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L To calcnlate the precenion of the eqainoxes (iii. 9-12). 

Ifie proportion 

*i577i9>7i8a8^: 6 oom» :: 7i4,4o4|io6^537: a 7 i, 65 o«» 8« 7® 45 ' aa” 

gives us the amount of the motion of the equinox in its own ciitle of 
Ubratoij revolution, since the beginning of things. Rejecting complete 
revolutions, and deducting 6* from the fraction of a revolution, we nfeve 
the distance of the equinox from the origin of the sideresl ■ sphere, in 
terms of itif own revolution, as 67“ 45' 22": three tenths of this, or 
20® 19' 36", is the amount of the prercssioii. 

2. To calculate the sun’s declination, ^ 

Sua’a longitude, la i 4 ® 7' 39" 

Precession, ao® 19' 36 " 


Sun’s distance from vernal equinox, a* 4 ® V}' i 5 " 

Sine, 3 ioi' 

Then, by ii: 28, 

• 3438': 1397';; 3 toi': ia 6 o'= sin ai® 3 i' 3 " 

the sun’s declination is thcrefon'. 21® 31' 3".. 

3. To calculate the sun’s asccuisional difference. 

The radius of the sun’s diurnal cirrlc {dyujyd, —ii. 60) is 3109'. 

Tlic equinoctial shadow in the given latitude is 11^.07, being found 
by the proportion (iii. 17) 

cos lat.: sin Int.:: gnoni.: eq. shad, 
or a5a5': a 33 i)':: ia«l: iid.07 


Again,^o find the carth-siiic {kujyd —ii. 61), 

I ad : 111 I .07 :: raOn'; 1162 ' . 

And, fo find the sine of ascensional difference, 

3199 '; 3438' : : 116 a': ia49' 

The corresponding arc is 21 ® 10 ', or 1279'; and since a minute of 
arc i.s equivalent to a respiration of time, tlie sun's ascensional difference 
in time is 1270P, or 213*, or 3''^3*, rejecting the odd respiratira. 

4. To calculate the length of the sun’s da,v. 

The sun being in the tiiird sign, bf which the equivalent in right as¬ 
cension (iii. 42-45) is 1035P, the excess of his day over 60 u&dls is found 

by the proportion . 

1800 ': 1935 ? :: 69 ' 8 ": 63p 

whence the length of his day is 21,603P. ' 

III this calculation of tlic length of the sun’s day, the operator has tt- 
ken the mean, instead of the true, motion of the sun, which is obvionsly 
less accurate, and which is contrary to the 11 Toning of tho^le of the 
text (ii. 59), as explained by the commentator. 

Now, in order to find the difference between the sun's loimtude at 
sunrise on the equator and sunrise ou the given parallel of north latitude, 
we make a proportion, ns follows: if in his whole day Ijhe son moves 
an amount equal to his daily motion, how much will he move daring ah 
' interval corresponding to his ascensional difference! or ' * 

fr-, ai,663p: 59 ' 8" : r ra 79 P: 3' 29 " 

'40 
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The sun's declination being north, sunrise on the given [larallel pre* 
cedes sunrise on the equator, and hence this result—which is calloa the 
edrakol&s] “ minutes (Au^d) of longitude corresponding to tlie asi^nsional 
diffeinsnce (eara)”—is to 1^ subtracted from the sun^ longitude as for¬ 
merly found. That is to say. 


Snn’s longitude at equatorial eonrise, 
deduct the correction {earakalaa), ‘ 

Sun's longitude at sunriae, lat 4a' 5i" X., 
long. i 49° a' 3o" W. from JiankiS, 


!■ 140 7 ' 3q" 
3 ' 89" 

- # ■ 

!• 14 ® 4 ' 10 " 


In finding the corresponding value of the iiinou's longitude tre apply 
first a correction for the sun's cqu:itii>n of place ; it is, in fact, the ctpiar 
tion of time, calculated after tliu entirely in'snllieicnt mctliod which wc 
have already fnlly exposed, in connection with part V' of the preceding 
process. The proportion is (ii. 40) as follows: 

ai,6oo': 7911' 35 ":: 1® i 4 ' 11'': a' 43 " 

Here, again, bad is. made worse by taking as the seeuiul tern' of the 
proportion the moon’s mean, instead of her true, rate of motion. ■ It is 
to bo noticed that a like cuTroction should have been applied also to the 
sun's longitude, but was omitted by the calculator, uc have, then, 


Moon’s longitude, mean equatorial sunrise, !■ 31® 16' 30" 

add tlie correction for tlic cquutiun of time, . 3' 43" 

Moon's longitude, true equatorial sunrise, i* 31® 19' 3" 

Now we apply farther the correction for the snn’s ascensional differ¬ 
ence (earasa7tsMra) ; it is calculateil in the same manner wffli that of 
the sun, and its Amount is fuund-to be 47' 51". 

Moan’s longitude, true equatorial sunrise, 
deduct'the correction for the sun's asc. diff.. 

Mood’s longitude at sunrise, lat. 43® 4a' 5i"ir., ^ 
long. 149® 3^ 3o" W. frfjui Lanka, J 

On coVnparing the longitudes of the sun arid moon, as • thus deter¬ 
mined, it is seen that tlm time, of conjunction is already past Hence 
the calculation is carried a day backward, by subtracting from Uie lon¬ 
gitude of each body its motion iluriug a day. 'I'liat is to say, 

Lnniciliiilp, , , Ijinslluile, 

auiiriac follinvinjii eclipse. * ™ sunrise pri'ceilinR eelijis 

Sun, M i4° 4' i«>" - 56' 5a" = i« 13® 7' 18” 

Moon, i'iao®3i'ia" - la® o'59" = i« 8® So* i3" 

Moon’s node, i»ia°46' 3" + y 11 “ — isia®49'i4" 

Tliis is w entirely nncallcd-for, and a highly inaccurate proceeding. 
By the rure given in our text (ii. 66), it is just as easy and regular a 
procew to find from any given time the interval to the thinning of the 
current lunar day by reckoning backward, as'tlipt to the end of the day 
by reckoning forward. And to assume that the wluile calculation may 
be trajuferred from one sunrise back to the preceding by simply deduct¬ 
ing the amount of motion in a day as determined for the former time is 
to take a most nnwarrantable liber^, and to ignore the change dnring 


IS 2 if 3 '^ 

47' 

i» 20' 3i' _ia" 
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the interval of many of the elements of the calculation, as the sun*s and 
moon’s rates of motion, the sun’s declination and ascensional ^jpfferenee, 
etc. In making the transfer, moreover, the longitude of the moon’s 
node has been taken as found for mean equatorial sunrise, without any 
correction for the equation of time, or for the sun’s ascensional difference. 

IX. To find the time of true conjunction, and the longitudes of the 
sun, moou, and moon’s node at that time. By ii. 66, from the*:- <. 

Moon’s true longitude, i* 8° 3 q^ 17 ' 

deduct the sun’d do., i" i 3 ® 7' 18" 


remains 

divide the portion of a lunar day, 
the quotient is 

deduct the remaiuder from a whole portion, 


ii« a5® as' 55^ 

730' 

291I and 443' 55 " 
720' 


remains 277' 5 " 

lliin process shows us that the moon has still 2 / 7 ' 5 " to gain upon 
the sun,Mn ordqr to arrive at the end of tlie thirtieth or last day of the 
lunar month, or at conjunction with the sun. 

Next, from tlie .• 

Moon’s true daily motion, 720' 59" 

deduct the euii’a do., 56 * 52 " 

Moon’s daily gain in longitude, 664 ' 7" 


Ueucc the proportion 

66.i' 7" : Gon :: 377' 5" : 25'> av 

gives ns the time of conjunction, rcokoiied from sunrise, as 25" 2^'. 

Now, Ity iv. 8, we proceed to find the longitudes for that time. The 
amounts of motion during 25" 2* arc found by the following proportions: 


1 56 ' 5 a" : a 3 ' 43 " 
720' 59": 3 oo’ .^8" 
3 'n"; r 19" 

Then, to the 


Sun’s longitude at sunrise, 
add the correction, 

Sun’s longitude at conjunction, 

Moon's longitude at sunriso, 
add the correction, 

Moon’s longitude at conjunction, 

Node's longitude iit suniise, 
deduct the correction, 


!■ 130 7/ i8" 
a3' 43" 

a* i!i® 3i' i" 

!■ 8® 3o' i3" 
5 ° o' 48 " 

n i3® 3i' 1 " 

1* la® 49' * 4 " 
i' 19" 


Node’s loi^itude at conjunction. 


i» I a® 47' 55" 


The mode of proceeding adopted by ns above, in tlie lunar eclipse, 
for finding the time of the middle of the eclipse, and tlie longitudes of 
the sun and moon at that time, is, as will not fiiil to be observed, quite 
different from that of the native calculator of this eclipse. That fob 
lowed by Davis, or his native assistants (As. Res., etc.), varies 



812 . S&rya-Siddhdnta^ 

• 

oonsiderably from both. Oar own method, though varying in lome 
Teapecta^in that contemplated by the text, is a not lem legitimate ap¬ 
plication of its general methoda thuii either of the othera, and it p^ 
Maaea thia important advantage over both, -that we were able to verify 
it, and to ahow, by calculating the mean and true placea for the given 
inatant, that the latter waa acUially the one at which the ayatem made 
the oppoaition of the ann and moon to take place: while, on the con¬ 
trary, in the proceaa now in hand, ao many errora have been involved, 
tha^ were the same test to be applied, we should find the centres of the 
sun and moon many minutes apart at the moment fixed upon as that of 
conjunction, and the place of cpnjiiuction as far removed from the point 
of longitude above determined for it. 

X. To find the apparent diameters of tlic sun and moon. 

These Quantities arc detenniiicd by means of the following propor¬ 
tion : as tne mean daily motion in yojanas is to the mean diameter in 
yojanas, ao is the true motion in minutes to the true diameter in min¬ 
utes. That is to say, for tlie sun and moon respectively, 

ii, 858 Sr : CSoriy :; 56 ' 5 a": 3 i'lo" • ' 

Ii,858|l7 ; 48oy:: 720 ' 69 " : 39 ' a" 

This method is in appearance quite ditVerent from that which is pre¬ 
scribed by our text (iv. but it is in fact only a simplification, or 
reduction, of the rules there given.. Thus, for the moon, the text gives 

ni. mot. in minutes'.true motinmin.: :m.diam. inyoj.: true diam. in min. X 15 

Transposing, now, the middle terms, transferring the factor 15^ from the 
fourtv term to the first, and noting that the mean motion in minutes, 
when multiplied by 15, gives the value of the samp in yojanas, we ha^e 
the former proportion, namely, 

m. moL in yoj.: m. diain. in yoj.:: true inut. in min.: true diam. in min. 


Again, in the case of the sun, tlic rules of the text give 

m. mot. in min.: true mot. in min;: m. diam. in yoj . truo diam. in yoj. 
and true diam. in yoj.=true diam. in inin.X 16 X (sun's orbit moon’s orbit) 


Xow transposing the sccoml and tliird terms of the proportion, sub- 
■tituting for the fonrtli its equivalent as here stated, and transferring to 
the first term tlie last two factors of that equivalent we have 


immoti in min.X 16 x 


sun’s orbit 
moon’s orbit 


:m. d.iny. 


true mot. in min.: true diam. in min, • 


But the first term, as thus constructed, is, by the method of deteivnina- 
tion of the planetary orbits (sec xii. 81-83), equal to the snn’s mean 
daily motion upon his orbit reckoned in yojanas: hence the proportion 
becomes for the sun, as for the moon, 

m. mot. in yoj.: m. diam. in yoj.:: true mot in min.: true diam. in min. 

XL To calculate tlic parallax in longitude (/amhana), and the time 
of apparent conjunction (v. .I-O). 

1. To find the orient ccliptic-point (lagna) at the moment of true 
coujiinction (iiL 46-48). 

In order to this, wc require to have first the equivalents in oblique as¬ 
cension (udaydsavai) of the several ngna of the zodiac for the latitude 
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«f Wil« College, 4a' 43' 61“ N. TWe pieaeot annexed their valnee 
aa employed oy die calculator of the eclipK, and also as calculated hy 
•^rding to the metliod taught in our text (iii. 42-46), It 
x?iU M noticed that the differeticca are not inconsiderable, and evince 
much carelftstiesB on tlie part of the native astronomer; who, moreover, 
employs vin&dls only in his processes, rejecting the odd respirations, 
which is an inaccuracy not countenance by the Shrya-Siddhhnta. 

Equivalent In oblique ucenaion: 
ace. to celeulator.' acc. to ua. 


ist ai^ . looSp lalli aigo 

and " . ia38p nth " 

3rd " 387* or lyaaP 1699P loth " 

4 th " 359V or 31541* ai7ip 9th * 

5 lh ** 387V or a 3 aap aSSap 8th " 

6th “ 388 v or a 3 a 8 p a 33 ap 7th " 


The equivalents assigned by the Hindu calculator to the 3rd aud 4tli 
signs are moreover, it may be remarked, inconsistent with one another, 
since tlfo one ought to &ll short of 1935P by as much as the other ex¬ 
ceeds that quantity. 

Now, then, to the 

Sun's longitude at conjunction, i* i3° 3i' 

add the preceaaion, # ao** 19' 36" 

Sun's distance from the equinox, a* 3° 5o' 87^' 

It appears, accordingly, that the sun is in the 3rd sign, and 26” 9' 23" 
from the beginning of the fourth. Hence tlio proportion (iii. 46) 

• 3o®: 287V :: a6® 9' a3" : aSo* 

give us 250* as the ascensional equivalent of the part of a sign to be 
traversed (bhoffydsaveu). The time of the day, or the sun’s distance in 
time from the eastern horizon, is 25** 2*, or 1502*’. Then, from the 


Time of conjunction, i5oa* 

deduct asc. equiv. of part of 3rd sign, aS ov 

remains * 1 aSav 

deduct BSC. equiv. of 4th, 5th, and 6thsigns, ii34v 

remains ^ iiB* 


This remainder of time, or of ascension, is reduced to its value in arc 
of the ecliptic by Uie proportion (iii. 40) 

388 v: 3 o®;: 1 i8v; 9® 7' a 5 " 

Add this result to the whole signs preceding, and the longitude of the 
orient ecliptic-point (layna) is found to be 6 '9” 7' 25": its sine is 544' 
(more correctly, 645'). 

2 . To find the onent'Sine (tfiayqjyd—v. 3),' 

This is found by the proportion 

a 5 a 5 '; 1397':: 544 ': 3 oi' 

2525' being the cosine of the latitude, and 1307'the sine of the inclina¬ 
tion of the ecliptic (ii. 28). 

a. To dnd the meridian ecliptic-point (madhyalcfyna —iii. 49). 
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In order to this, wc must first know the sun’s hour-angle (nafti), or 
distance in time from the meridian ^ it is determined as foUows: % 


A quarter of the complete daj, f 5n or 

add the sun’s asccDsional difference, , ■ ■ 3n 33v 

The sun's half-day, iS" 33v 

deduct from time of conjunction, aSn av 

Sun’s liour-anglc, west, ' 6 b apr 


The sun's distance from the beginning of the fouriJi sign was found 
above to be 26" 0' 23". Its equivalent in right ascension {lankodayA- 
savas) is found by the following proportion (ili.,40): 

3 o® ; 323 v :: aG° 9' a 3 " : a 85 * 

Now, from tlic 

Sun’s hour-angle, Gn 7^, or 3H9V 

deduct the result of the last proportion, aKS* 

remains iu4v 

and this remainder, being loss than the equivalent of a sigu, is reduced 
to its value as longitude by the prrtportion (iii. 48) 

JaB'"; 3o° ;: lo.'jv ; gO 3 ; 

Tlie’longitude of the meridian coliptie-poinl is accordingly 3* 6" 3' 5*7": 
its sine is 3393^ 

In criticism of the process ns thus conducted, wc would only remark 
that the quarter of the sun’s day should have been called 16" 2 * 4p (sec 
above, VlII. 4), and that to take 323'’' as the equivalent in right ascen¬ 
sion of the thii'd and fourth signs is inaccurate, the value given it by 
our treatise being 1935P, ui- 

4. To find the meridian-sine. {nmdhyajyA —v. 4-3). ■ 

First, the dccliiialion of the nimdiau ecliptie-point is dctcimuicd by 
the proportion (ii. 28) 

3438 ': 1397':: 3I93': 1378'= sin a-l" 39' 37" 

Its value being north, it is deducted from the latitude of the place for 
which the calculation is made, since this, though by us reckoned as 
north, is to the Hindu apprehension (iii. 14) always soiitl^ being meas¬ 
ured south from the zenilh to the equatoV. 'J'hat is to say, 

From the given latitude, 4s" 43'61" 

deduct ded. of merid. ecliptic-point, 39' 37" 

Meridian nnitli-distanco {natdnfda), I190 3 ' i 4 " 

The sine of this arc, which i/lll7', is the meridian-sine. 

Here is anotlicr blunder of tlic G|dculator: the sine of 10" 3' 14" is 
actually 1122'. 

5. To find the sine of ecliptic zcnith-^istancc {drfdahqM)^ and the 
sine of ecliptic-altitude (df^ii^ari).- 

First, by V. 5 , • 


3438'; 3oi':: 1117': 97' 46" 
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Now, then, by v. 6, 

^iSquore of last result, 9 , 564 ' 

deduct from square of mcn-aine, 1,347,689' 

remains ■ * t,a3B,i35' 

Square-root, iii3' 


^ Tliia, then, is the sine of ecliptic zenith-distance. The sine of eclip¬ 
tic-altitude is foniid by subtracting its square from that of radius, and . 
taking the square-root of the remainder; it is found to be 3253^ 

6 . To find the divisor (cAeda), and tlie sun's parallax iii longitude 
(lamhana). 

The sine of 011 c sign, or 30®, is 1719'. 


■ Square of sin 30 °, 
divide 1)y 

Divisor (ekedn). 


3 , 954.961 

3.253 
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Next,«to find tlic interval 011 the ecliptic hctn’ccn the sun’s place and 
the meridian: 

Tjongitiido of mcrulian ecliptic-point, 3 » 9° 3 ' 67" 

do. of sun, 2* 3 ° 5 o' 3 ?" 

Interval in longitude, i* 5 ° i 3 ' 3o" • 


■Of this the sine is 19.50', an<l, upon dividing it by 008, the divisor 
(cheda) Hmw found, the value of the parallax in longitude [lamhana) is 
ascurtaiiiod to l)e 2 " 21 *. 

ITcre #somo of the worst hluiidcring which we have yet met with. 
The sine of 35® 13' is actually 1982', not 1950'; and upon dividing it 
by 908, we find the quotient to be t*nly 2" ll\ * 

'I'he caliMilntor assiimc.s the time of apparent conjnnction to be deter¬ 
mined by tfiis single correction. As4;hc text, however (v. 0), directs 
that the 'process he repeated, to inspre a higher degree of accuracy, we 
shall finally quit at this point the guidance of his computations, and go 
on to apply in full the. rules of the Shrya-Siddliaiit.o. 

The sue being west of the meridian, or his longitude being less than 
that of the meridian ecliptic-point (v. 9), the correction for parallax is- 

additivc to the time-of true conjunction, llcncc, to the- ' 

■ 

Time of true conjiinctioo, 35s 3v 

add tbo correction,, 3" itt 

‘ Time of conjunction odm equated, 37n i3* 

For the time thus found, wp now proceed'to 'alculato again the value 
of the parallax. The results of the calculation are briefly presented 


below: * 

Sun's longitude at corrected time of oonjuuction, 3* 3 ° Ss' 4 i" 

Orient ecliptic-point {lagna), 6» 18° 5 o'* 

Its sine, 1110' 

*Orient-eine {udayajyd), 6 i 4 ' 

Sun’s hour-BBgle, 3 io 3 p 
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Mfiridian ecliptiopoint (maihyalagiM)^ ir^ 69' 

lU eine, 3 i 88 ' ^ 

Ito declination, ■ aa® 9'N. 

Its senith-distaneo, ^ ao® 34 ' S. 

Meridinn-aine {madhyajyd), 1207' 

Bine of ecliptic senith-distuiee {dfkkAepa), 1188' 

Sine of ecliptic-altitude (drffgati), 3 aa 6 ' 

Divisor {eheda), 916' 

Sine of aun's diat. in long, from meridian, a 558 ' 

Parallax: in longitude {lambana), a" 48 * 

add to time of true conjon^on, ■ ' aSe a* 


^Time of conjunction twice equated, 27" 5ov 


Once more, we repeat the name calculation; its principal results are 
as follows: 


•Orient ecliptic-point, 

6 »ai® 4 i' 

Orient-sine, 

7 ea' 

Meridian ecliptic-point, 

3 » 25 ® 26' 

Meridian-sine, 

• 1241' 

Bine of ecliptic senitb-distance, 

12 i 5 ' 

Sine of ediptic-altitude. 

3 ai 6 ' 

Divisor, 

919' 

Parallax in longitude, 

2" 55 * 

add to time of true conjunction, 

35 § av 

Time of apparent conjunction. 

3711 57* 


A farther repetition of the process would still yield an a^rcciablc 
correction, but as so many errors have been involved in the i>rebeding 
parts of the calculation as to render any exactness of result miattainn- 
blc, and as enough has been done to illustrate the method of correction 
by successive approximation and*thc comparative value of the resuUa it 
yields, we stop hero, and rust coiitcqt with the last time obtained, as that 
of the apparent conjunction of the sun and moon, or of the middle of 
the eclipse, at Williams’ College. 

XII. To calculate the parallax in latitude (nati) for the middle of the 
eclipse. 

This is given us by tlic proportion (v. 10) 

■ 3438 ': 73i' i 5 :: i2i 5': 17'i 4 " S. 


in which 1215' is the sine of ecliptic zenith-distance, as found in tlie last 
process. * 

XIII. To calculate the moon’s latitude, and her apparent latitude, 
for the middle of the eclipse. ■ * 

We require first to fiqd the longitude of the moon, and that of her 
node, for Uie moment of apparent conjunction, by adding to tbeir lon- 

S 'tudcs„as already found (above, IX) for the time of true conjuiictioq, 
.eir motion during 2® 55*. llie amount of motion ia found by the pro¬ 
portions 

8oa:2.55v::l7»o'59'':35'y; 


I 


3'II": o' 9 " 
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Now, then, to the 

• 

*Moon's longitude at true conjnnctioD, 

II i3® Si' 1" 

add tlie correcUon, 

35' 3". 

Moon's longitude at apparent conjunction. 

!■ 148 6' 4” 

Farther, from the 

Node’s longitude .at true conjunction,' 

!■ 13® 47'^5" 

dednet the correction, 

. 9'" 

Node's longitude at apparent conjunction. 

IS 1 a® 47' 46" 

deduct from moon's lougitiicic, 

IS i4®*6' 4" 

Moon’s distance from node, 

I" 18' 1^^ 

Sine, 

■ 

Hence the propoilion (ii. ST) 

343S': 370':: 78': 6' 8" 

gives ns^the 

Moon's true latitude, 

ft' 8"N. 

dcdi’ct from jKu-uUax in latitude (v. 12), 

17' i4" S. 


Moon’s apparent lalUiiili!, ii' 6" S. 


XIV. To find tlic; iimouiit of obsi'iirnliou (ffrasa) at the moment of 
appanmt csonjuin'tion. 

13v iv. 10, w(! add to the 

* 1 


Diameter of the eclipsing body, tiio moon, 

39' 3 ” 

Diameter of tlie eclipsed body, lliu sun, 

3t' 10" 

Sam of diameters, 

60' ia" 

Half-sum of diameters, 

3o' 6" 

deduct moon's sjiparout latitude, 

II' 6" 

Amount of greatest obscuration, 

19' o»' 


This remainder hoing less than tlio sun's dinniotcr, the eclipse (iv. 11) is 
partial only. 

XV. ‘ To dctcnmuc the times of tlie beginning and end of the eclipse 
respeetivoly. 

As the eclipse is a pailial one only, we liave not to calculate the times 
of the bcginiiing niid end of total oliseiirutioii; and indeed, we may w'nll 
suppose that the Jlindus would never venture to calculate those'tiines 
in a solar eclipse: it is even ipicstiunablc win '.her the tua iiracy of their, 
methods would jnstity them in ever predicting witli cunlidcnce that an 
eclipse would be total. 

In the first place, we assume that the moon’s apparent latitude, as cal¬ 
culated for the moment of conjunction, remains nnehangcil during the 
whole duration of the eclipse, and calculate, by iv, 12-1!), what would 
be, upon that assiimption, the interval between the middle of the eclipse 
and either contactor separation of the disks. That is to say (iv. 12), 
from the 
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Square of auin of ROtni-diameters (30' 6"), 906' 1" 

deduct square of moon's latitude (11'. fi"), i a3' 13" 

rcmniiis 783' 48" 

Square root of remainder, 37' 69" 


This result rcproaenta tl»e ilistanrc, ns rudely determined, of the ^\vo 
rentro.s nt the uioiuents of coutaet and separation. To ascertain the 
corresponding interval of time, wc 8:iy (iv. 13) 

GG4' 7": fion ;: 27' Sj": a" 3a» 


Now, then, from and to the- 

Time of apj'Hirant conjunction,•* 370 87* 

subtract and mill tlic half Juration, a" '3’iv 

Ucainiiing of eclipse, a*)!* af}* 

1'.iid of eclipac, 3on ? 9 V 


This is ns far as the operation was carried hy the native calculator, 
and with data ami results siunewhnt different from those here given, 
owing to his neglect to repeat the ^u'oeess of ileterminntion of the par¬ 
allax in longitude in finding the time of apparent eonjnnetiuii. Un¬ 
fortunately, however, tfie. ti‘\t (iv. 14-1/5; v. 13-17) preserihes a long 
and tedious series of modifiealions and norreetioiis of the results so far 
obtained, of whieh we shall proeeeil to perform at lesist enough to illus¬ 
trate the method of the process, and the comparative importance, of the 
corrne.tions whieh it furnishes. 

We. have first to find the longitude of the sun, moon, and node, at 
the moments thus determined as those of contact and separation; they 
arc !Ls follows: 


Siid'b long, at true conj. (2.'5u 2v), 

18 

1.30 

3i' 

1" 

add for his motion 




33" 

Sun's long, at beg. and end of eclipse. 

18 

'll® 

IT'" 

33" 

add the precession. 


30® 

'9' 

.’G" 

Sun’e distance from the vernal equinox, 

38 

1i<r 

So'" 

59" 

Moon’s long, at app. conj. 

!■ 

i4“ 

fi' 

4" 

subtract msd add motion in 2n 32v, 



3o' 

36" 

Moon’s long, at beg. and end of eclijiso, 

18 

"il^ 

35' 

38" 

Mode’s long, at app. conj.. 

18 

13® 

47' 

46" 

add and subtract 




8" 


1" 

13 ® 

. 3 i' 

1" 



5 ' 

10" 

18 

i 3 ® 

36 ' 

IT" 


20® 

19' 

30 " 

38 

~ 3 ~ 

5 . 5 ' 

47" 

JS 

i 4 ® 

6' 

4" 



3 o' 

36" 

18 

1 0 

36 ' 

3 o" 

1* 

12® 

47' 

46 " 


8 " 


Nodo’a long, at beg. ana end of edipse, iR la^ 47' 54't i** ia° 4?' 38" 

• • 

To find, then, tits moon’s trno latitude at contact and separation, we 
have 


Moon’s distance from node. 
Sine, 

Moon’s latitude, 


47' 44" I® 48' 5a" 

48' 109' 

3'46"N. 8'34"ir. 


Next are calculated the moon’s parallax in latitude, and her apparent 
latitud^ at the beginning and end of the eclipse, by a process of whieh 
the main results are the following: 
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Orient adipticipoiot. 

6* lo® a8' 

7S 3 ® 59' 

Sine, 

6 a 5 ' 

1931' 

Orumt-sine, 

345 ' 

io 63 ' 

Sun's hour-angle, 

a 455 p 

4 a 79 P 

Meridian ecliptic-point, 

3 s 11® 54 ' 

4t11® 7' 

Sine of do., 

3363 ' 

3590' 

Zenith-distance of do.. 

19® i6' 

a 4 ® 53 ' 

Meridian-sine,' 

1134 ' 

1445 ' 

Sine of ecliptic zenith-distance, 

iia8' 

a 

i374' 

Parallax in latitude. 

ifj' o"S. 

19' 39" S. 

deduct true latitude, 

3 ' 46 "JT. 

8' 34 " N. 

Moon's apparent lat. at beg. and end of 

'ftlijnc, I a' i 4 " S. 

10'^" S. 

'inally, from the 



Square of sum of «uini-<liainetcrH, 

906' 1" 

go6' i" 

deduct squares of app. laliluJo, 

j 5 o' 39" 

119'ii" ■ 

' rdhiaia 

755'aa" 

786' 5 o" 

Distance of centres in longitude, 

27' 39" 

a8' 3 " 

Corresponding interval. 

a" a9v 

a" 3av 

Corrected times of beginning and end of eclipse, aS" aSv 

3 nn 39* 


It is evidently unnooessary to carry any fartlier this part of the pro¬ 
cess ; at the time of the i*cIi[).-'(‘, tln^ iiicruuse of the mooirs latitude north¬ 
ward, and the incroasi' of her ])arall:ix southw ard, so nearly balance one 
another, that the additional cunvetion yielded by a new coiuputatioii 
would be <|uitn inupprociahle—as imlee-l, has been, in one of tlie tw o 
eases fhat already (>htain(‘d. In niahin<^ this I'ltrrectivc calculation we 
have not followed with exaetness the «Hrectioiis jriven in the commentary 
under v. X-t-17. lit i'i there tauu;ht that, atler making the iiitst roii{:h 
detenniuatioii of the half-duration, based upon the moon's apparent lati¬ 
tude at. apparent conjunction, we must turn back to the true colljunction, 
tind the positions oi^tho planets ami node at intervals of the half-dura¬ 
tion from that point, and make these positions the data of our farther 
approxiinativo ])roc(‘Ssi's. The text itself, ns aliva«ly remarked by ns 
in the notes, shows an utter and provoking wraiit of explicitness with 
regard to the w'holc matter, and maybe regarded ns fa\oriiig emially 
the method of the commentary, our own, or any other that might be 
devised. IVe have taken our own com-se, then, because we were 
unable to sec any sutlicient reason for reverting from apparent to true 
eonjunction, us directed by the conuneutator. 

With reganl to the next stops, the language of the text is less ambigu¬ 
ous: it distinctly orders us to deduct from am aild to the time of true 
' ooiijniiction {tithyanla) the intervals found as tlie former and latter hnif- 
duratioii, and from the moments thus determined to compute anew, by 
a repeated process, the parallax in longitude. This is a very laborious 
operation, and not altogether accurate, although perhaps as much so 
as any which the Hindu methods admit. As we are supposed to have 
ah-fady ascertained how far apafbthc two centres must be at the mo- 
ineuts of contact and sopamtion, the problem is, evidently, to determiue 
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at-what moment of time they will, allowinp; for the parallax in longi¬ 
tude, he at that <liatancu fniin one, another. Now as formerly, lo iind tiic 
time of sippaiviit ei^njiinclioii, we started fwini that of true eonjinietion, 
and-urrived at the (iesired result hy a series of approximative calcula¬ 
tions of the jtnrallax in longitm'ie, so now, starting from points removed 
from true euiijunetion hy the given intervals, we shall H.se.crlain, hy a 
similar series of approximations, the limes when th(f distances repre¬ 
sented by those intervals will he apparent, or the moments to wliicli 
contact and separation of«llie disks will he deferred hy parallax in lon¬ 
gitude. The results of tlic calculations, as made by us, arc as follows: 


Time uf true corijnnclion, ^ 

a5n av 

a5n o]fr ■ 

Subtract and add, 

an -jgv 

a« 3av 

Times of true nintact and separatiou, 

a all 33 V 

2711 34V 

Bun's longitude, with pi-eccssiuu, 

2a3®48'iG" as 3° 53' 1" 

‘ Orient oclipticr-jKiiut, 

5s 37° 9' 

Cs 30 ° 27' 

Orient-sine, 

95' 

604' 

Meridian Gc1ii)lic-]X)int, 

as a 5 ° Sa' 

3« a:i° 56' 

Meridian-sine, 

1107' 

1226' 

Bine of ecliptic zciiilli-di.'itunce. 

iiofi' 

I 2 u 3 ' 

Sine (»!' ecliptic-altitude, 

3ar)5' 

Sail/ 

Divisor, 

9>itt 

918 

Moon's longituilc, 

2« 3^ a I' 

2S 4° 2l' 

DUbmico from meridian cclijitiu-puint. 

33 “ 3 i' 

IS 19° 35 ' 

Sine, 

i3i(i' 

2G17' 

I’iirullax in longitude, 

in a7V 

211 5 lV 

Again, we go on to eorrei t the.sc ro-iiiUs liv repeated 

enleIllations of 

the parallax, in tin;-inoilc which has ulrcuily bccu sullicieiitly illustrated. 
Annexed arc the results only : 

Times of contact an<l sepanition, 

33 I|' 33 v 

2711 34’' 

ad<jt correction for parallax. 

111 3 - 7 V 

an 5iv 

Times of contact and se]Mu-atioii, once 

equated, 34 's. 0^ 

3o«» aSv 

Corresponding ptwalhux, 

III 'i.iv 

3» aov 

add to times lirst obtained, 

aan 33 v 

37U 34v 

Times of contact and separation, twice equated, 37V 

3oi» 54v 

Corre.spoiiding parallax, 

all 3 V 

3 ii 34V 


WitJiout taking tlio trouble to carry the calculations any farther, we 
may aceept 1he>c as tlic iiiially determined values of the parallax in 
luijgitudc at the times of ujiparcnt contact and separation. 
by V. 10, 


Parallax in lougitude at contact and separation. 

an 

av 

3'i 

24 v 

do. at apparent cuujuuclion. 

an 

55» ■ 

211 

55v 

Difference of parallaxea. 


SSv 


39V 

add to former and latter mean half-duration, 

an 

29V 

2" 

32V 

Tnio former and latter lulf-durntion. 

3" 

aav 

“IJT 

IV 

subtract and odd from and to time of^pp. conj., 

27" 

S?’' 

2711 

57V 

Times of apparent contact oud separatioD, 

a4n 

35v 

3on 

58v 
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The calculation of the elements of the eclipse is tlins completed. 
For the pnrposo, however, of illustrating the rales of the te:i^ (iv. 18-21) 
for determining, in the case of a solar eclipse, the amount of obscura¬ 
tion at any given mouicnt during tlie continuance of tire eclipse, we add 
also the following process: 

XVI. To find the amount of obscuration of the snn, 2" 38^ after 
first contact. 

We make choice, of this time, which is equivalent to 27 ^ i 3 v g^ftcr sun¬ 
rise, because the data for finding the parallax in latitude at the lAoment 
have already been calculated (see above, XI). By iv. 18, from the 

True former hslf-duration {aphtifa ^ayiatthitya,rdha\ 3 n aav 

deduct the given interval^ 90 38v 

Interval to apparent conjunction {jnadhyagraha^, 44' * 

To reduce this interval in time to distance in longitude of tlie centres^ 
we say (iv. 18) 

Con:(j64’ 7 ":: 44 v: 8 ' 7 " 

ThiS, then, would be the interval in longitude between the two centres 
at the given moment, if there were no change of the moon’s ptirallax 
in longitude during the eclipse, or if the moon actually gained in 
2*1 29', instead of in 3** 22', the distance iuterveuing between her centre 
and the sun’s at Uie moment of first contact. That, however, being 
not the case, wc must reduce the result thus found in the ratio of 
;in 22' to 2** 20', or of tlic true to the mean half-duration. That is to 
say (iv. 19), 

3“ aav; an a 9 v ;: 8 ’ 7 ": 5' 59 " 

aud this result, 5' .'>9", is the true distance of tlie two centres in longi¬ 
tude, 27" 13' after sunrise. 

A briefer aud more obvious method of obtaining tlio quantity in 
(piestion w'oiild have been to make a proportion as follows: if, at the 
time of the eclipse, the moon gains upon tlic sun 27' 29" in 3" 22', 
what will slic gain dining 44' } or 


3n aav ; .-ly' 39 " :: 44v ; 5* 59 ” 

Upon computation, we find the 

Moon’s parallax in latitude, 27» 18* after sunrise, 

16 ' 5i"8. 

Moon’s Iruo latitude, 

5' a5" Jf. 

Moon’s apparent latitude. 

11 ' 26 " 

Its square, 

i3o* 43" 

Square of distance in longitude (5' 69"), 

35' 59 " 

Their sum (iv. 20), 

i 6 (j' 34" 

Actual distance of centres, 

I a' 54" 

deduct from sum of semi-diamotcrs, 

*30' 6" 

Amount of obscuration at given time, 

, 17 ' la" 


If it were desired to project the eclipse, we sliould now liavc to cal¬ 
culate (by iv. 24-25) the deflection (mlana) for the moments of contact, 
jcoujunctioii, aud separation, and likewise (by iv. 28) the scale of projec¬ 
tion. As wc do not, however, intend to present here a projection, and as 
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the subject of the denoctioii has been sufficiently illustr^^j^d already, in 
the notes unon tlie text and in the calculation of the Innar eclipse, we re¬ 
gard it ns imnecohsary to go through with the labor required tor making 
the cuinpiitatiuns in question, h^nally, we annex, as in the ease of tlio 
lunar eclipse formerly caleiilatcil, a snininary comparison of the princi¬ 
pal results of the Hindu processes with the elements of tlic eclipse in 
question ns dctcnninccl by l*ruf. OoHiii, in his work referred to above. 
Jt must be iKirne in mind, however, that, owing to the faulty manner in 
which many of the computations of tlie native astronomer have been 
made, the comparison is not entirely trustworthy; a more careful adhe¬ 
rence to the methods of. the Siddh&nhi would have given somewhat 
ilitfercnt results: in the ease of the daily nyitions of the sun and moon, 
the trilb calculations, as pciforincd by us (see p. 308), give mure correct 
values; in other instances, the contrary might pcrliaps have been the 
' ease. 


Hrirva-SicIdliAntu. Fror. Cuillii. Tliiidu error. 


Time of true coiijunctiou in longitude, 

ah 3aai 

3h 56»> 

— 

i h afiin 

Sun’a and moon’s longitude, 

G3® 5o' 37" 

65® la' 37" 

— 

i®,a2' 

Moou's distance from node, 

43' 6" 

4® la' aa" 

— 

3® 29' ifi" 

Sun’s daily motion in kingitudc. 

56' 5a" 

57' 4?)" 

— 

53" 

Muon’s do. do. 

ia° o' 59" 

ia° 7' I a" 

- 

6' 1J" 

Sun's apparent diameter. 

3 i' jo" 

3i' 37" 

— 

st'' 

Moon’s do. do. 

39' 2" 

a9' 45" 

— 

43" 

Time of apparent conjunction, 

3h 4um 

5h 35in 

— 

ill Tiam 

FiirnlUx in longiiudo, in time, 

ill lum 

ill 3()>i> 

— 

aOin 

Amount of greatest obscuration, 

19' 

.3o' 59" 

— 

11' 59" 

Time of first contact. 

jh aom 

411 i5iii 

— 

ill 55ii> 

Time of separation, 

4I1 5om 

6li 3Um 

— 

|!i 4Hm 

Duration of eclipse. 

ail 3(iiii 

all a3in 

+ 



30 . pp. 183-200. Prof. Weber, of l>i‘rlin, lias favored iis in a pri¬ 
vate cniiininiucatiiin with a nniubcr of additional synoiiyiii.s of the names 
of the asterisins, ilcrived from the iiti'ratnre of tlie Ib-ulimana period. 

Mrgaf^iras, llic tiCtli of the serii'i^, is also styh-d antUinkd, “the liliiid,” 
apparently tVom Its dimness; “ hi.nornhle, Avorthy;" inrukti, of 

doubtful muaiiiiig: tliis latter epithet is also found in some maiinscripts 
of the Amarako(;n, as various veadi'ig for ilvald^ which is there ex¬ 
pressly declared (T. i. 2. 2!i) to designate the stars in the liead of tlie 
untidopc. 

Ardr&, tlic sixth asterism, is called h&hu^ “aim.'’ Taking this nnm>' 
in connection with that of the preceding group, it seems pridiahle that 
the Hindus ligiircd to themselves the eoiispieiioiis eonstellation Orion 
as a running antelope, of which cc, y, /it, nnd x mark the ft'cl: «, then, is 
tlie left ford-foot, or arm. 3'crliaps the name Mygavy&dhn, “antiilope- 
hniitcr,” given to the neighhoriiig Sirius (viii. 10), is eoniiectcd with the 
same fancy. 4 

The Maghas are called in a hymn of the last book of the Rig-Veda 
(x.'85.13) at/h&g: the w'ord means literally “evil, base, sinftil,” and its 
application to one of the asteristns is' so strange that, if not tnurifl eUc-^ 
where, we should be inclined to conjecture a corrupted reading. 
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o||thc riial^nls, forming the eleventh and tvrelfth groups, 
arc styled also aiy'unl, “bright, Binning.” , 

^ruvaiui, the twenty-Uiird abterism, receives the name afvattha, whirh 
is properly that of a tree, tljo Ficus religiusa; the reason of the appella¬ 
tion is altogether obscure. 

Jihudrapadsl, the last double astcrism, ia called pratishtMnay “stand, 
support,” in evident allusion to the disposition of the four bright stars 
Avhiidi compose it, like the four feet of a stand, table, bedstead, or the like. 

aT. p. 200. Wc offer herewith the stellar <‘hart to which reference 
was made in the note on p. 205, and which in intended to illustrate the 
posilions and mutual rol.‘y;ionH of tlic Hindu naksitatrasj the Arab 
niantkzil al-kamar^ and the C'liinenc sieu. Wo add a brief explanation 
of the manner inAvhich it has been construeted, and the form ju which 
it is presuntoil. 

The form of the map is that of a plane projection, having the ecliptic* 
.ns its contr<'d line. It wouM have better illustrated the Hindu method 
of defining the jiositionsof the junction-stars, and the errors of the po- 
sitions'^as defined hy llicni, if the eqnator of A. I). 500, instead of the 
ecliptic, had b(?cn made the ceiitnd line of the ]>roje«‘tion. Thi>, how- 
cvciywoiihl have involved the necessity of calculating the right ascen¬ 
sion and decliiiiation of every star laid down, a labor which w'e were not 
willing to umlerlaUe. Moreover, the ecliptic is, in fact, tlic proper cen¬ 
tral line along which the groups of the Hiiulii and Arab systems, at 
least, are arranged, and the form given to the eliart also facilitates the 
laying down of the equator of H. C'. 2.‘i50, which wu desired add, for 
the. purpose of enabliiur our readers to judL^e in a more enlightened 
manner of the plausibility of M. lliol’s views respecting the origin of 
the (’liinese system : it is drawn A^ith a broken line, while the equator 
of A. 1>. 500 is also represented, by an entire, line. As Uiu zone of the 
lieavoiis re|iroseiited i.s, in the main, that bonleriiig the cclijitie, the dis¬ 
tances and tlio eoiilignralion of the stars are altered .and distorted by 
the plane ]irojectii>ii to only a very slight ilogrcc, not enough to be of any 
neeoimt in :i merely illustrative chart,^nch ns this is. As a general rule, 
wo have laiil down all the stars of the first- four magnitudes which are 
silii.alcd near the ecliptic, or in that p.ai‘t.of the heavens through which 
the line of the iLsterisms pH.sscs‘, stars of the fourth to fifth magnitude 
are also in many cases* added ; sm.aHor ones arc npted only when they 
enter into the groups of the several systems, or when there .were other 
special reasons for introducing them. The positions arc in .all cases 
taken from Flamsteed's Oatalogiic, and the inagniltides .arc also for the 
most part from the same authority: in many individual cases, however, . 
avc have followed other authorities. Wo have oniloreorod so to mark 
the mcnibcra of the three different scries tl at these may readily be 
traced .across the map; but, to .assure and facilitate the comparison, we 
also ])l.auc upon the p.agc opposite it a couspcctiis of the iioiiienclatnre, 
eoustitnlion, and correspondence of the three systems, referring to 
pages 18:)-200 for a fuller cliscns&ion of these matters, and an exposition 
of what is certain, and what more or less hypothetical, or exposed to 
doubt, with regard to them. 
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Hindu uuriim. 

Arab mujuil. 

Cbineia aif.u. 

1 . Acvih!. 

1. aah-Sharatdn. 

37 .*Lbu. 

P and 7 Arirliri. 

P iiiul 7 Aiictis. 

p Arictlfl. 

3. Bhara^T. 

3 . al-Buteiu. 

38. Oei. 

35, :i», and 41 Ariclis. 

S5, DS and 41 Ariclis. 

85 Arictis. 

3. Crttik.l 

3. ath-TliuraiyA 

1. Mao. 

Vi Tauri, etc. (PleiadcB). 

1) Taurt (iti*. (Flcladea). 

n TniirL 

4- RohinL 

4- nd-Dnbardii. 

a. Pi. 

u, 7. S, i TaurL 

a, 7, d, { Tauri. 

E Tniirl. 

5. Mrgafiraa. 

5. al-Hak'ah. 

3. Tso. 

A, f;i, q:-! Orionla. 

A, q)i, (p3 Orionla. 

A Orlnnl.a. 

6. Ardrd. 

6 . al-IInii’ah. 

4> Tann. 

a Orioiiia. 

'll r, 7 , f (icininnrum. 

d Orionis. 

7. Funarvaau. 

7. adh-Dhirri’. * 

5. Tsing. 

p, a Uoiiiinornm. 

P, a Gciuinunmi. 

^ a Gcininoniin. 

.8. Piiaiiya. 

8. an-Nathnili. 

6 . Kaci. 

S, d, 7 Cancri. 

7, d Ciiiu-rijiuidPni'scpe. 

3 Cancri. 

9. A^IrhIiA • 

9- aVTitrf. 

7. Lieu. 

{. fl, ffy n, j ITyilriC. 

Ciincrl, A Lconia. 

d llydnc. 

10. Maghd. 

10. flj-Jabhiih. 

8. Sing. , 

“7 ’«» 7i t l-fouis. 

a, n, 7, { Lcrniia. 

a llyili'c. 

ti. Fflrra-Phalguni. 

11. u-Zubrah. 

9. Cliang. 

d, S' Lonnia. 

d, 3 LvfinU. 

ui llydnn. 

13. TIttara-Phalguni. 

13. oa-Hnrfnh. 

10. T. 

P, ird J.ii'i>nU. 

'P Ll-odU. 

a Crntcri.'*. 

i3. Haata. 

i3. al-AuvsV. 

II. Cliin. 

5 , 7, t, a, p Coni. 

P, n, 7, d, E VirgiiiL-i. 

7 Ciir\ i. 

i4> Citr&. 

14- as-Siiiii‘ik. 

13. Kio. 

a Virg^a. 

a V’irgiiii-o. 

a Virginia. 

i5. SvMi. 

i5. al-Qliafr. 

i3. Kang. 

a Ilnotia. 

1,», A Virgilfls. 

x Vii^inK 

16. ViyAkh/L 

16. nx-ZiilAndn. 

i4- Ti. 

1, 7 , p, a 

a, p Lilira*. 

u* Libra'. 

17. AniiiiclhA. 

17. nl-Tklil. 

i5. Fang. 

d, p, * sSforpionia. 

P, d, r 8cnr]/i(iiiiH. 

rr Scurpionii*. 

18. Jyo8htl)&. 

18. al-Kall). 

•6. Sin. 

a, cri T Scorpluiiia. 

a Sforpinnlfi. 

0 ScorpiiiniH. 

19. Mdla. 

19. asIi-BIiaiibiii. 

17. Uei. 

Af 111 »i '1 S'! ■'>1 4t * Scorp. 

A, V Ucorjiiunia. 

tis Scoriiioiiin. 

. 30 . I'drva-At'liddhA. 

30 . an-jNaaim. 

18. Ki. 

d, [ S:igill-‘irii. 

■ 7*i^'i’»iT«6i':fSagitlarii 

71 Sngiclarii. 

ar. Uttara-Asiuidhfl. 

31 . nl-Baldah. 

19. Ton. 

O', i Siigfllarii. 

N. of ir Sagittaril. 

(p Siigittarii. 

33. Ahliijit. • 

33. Sa’d adh-DliSbih. 

an. Nirn. 

a, E, i Lyra*. 

a, p Cii]irioul'ui. 

P Ciipricunii 

3.3. ^rsvana. 

33. Sa'ci Biila'. 

31. Nil. 

B, p, 7 AiiiilLT. 

E, a, V Ai|iiarii. 

e Aquarii. 

34. 9rftvui1iiM. 

34. Sa’d iiis-Su’ud. 

33. Hiii. 

p, a, d Deljiliini. 

p, f Aquurit. 

P A(inarii. 

35. ^ataVjhishaj. 

35. Sa’d al-Akhbiyah. 

33. Ooci. 

AAriiiurii uio. 

7i R Aqiiarii. 

a Aquurii. 

36. FOrTH-Bliililrapadd. 

afi. al-Fargh al-Mukdim. 

34. Clie. 

B, p IVgsiHi. 

a, P Pcgiuii. ■ 

a Fugasl. 

37. UttBra-DliftdrapBilA 

37. al-Fai;gh al-Mukliir. 

35. Pi. 

7 PrgiLsl, a Audromedre. 

7 PqgOHi, a AndromccLe. 

7 Pcguai. 

38 . Beraii. 

38. Bata al-HAt, 

36. Eoei. 

2 Fiflciuin, eie. 

P Andromcdie, etc. 

{ Aiidromi'dui. 
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as. p. 20T: We have perhaps expressed ourselves in a manner liable 
to misconstruction asito the want of reason or authority for giving to 
the asterisniR the name of “ lunar mansions,'’ “ hiuiscs of the muon," and 
the like. We would by no means be iindor.stood as flcn 3 ’ing that in the 
Hindu science, cspechdly its older Ibims, and in the Hindu mythology, 
they, are hronghl into particular and conspicuous relations with the 
.moon. Indeed, wlielher tlicy were originally scicciod and established with 
reference to tlic moon’s daily progress along the ecliptic, us has been, 
until lately,.the nniversul opinion, or whether we are to believe with lil. 
Biot that they had in the lirst instance nothing to do wiiJi the moon, 
and only came hy chance to coincide in luunhcr with the days of her 
snlcrcal revolution—it is at any rate altogether probable that to the 
Hindu apprehension this coincidence fonnud the basis of the system. 
We may even conclude, from the fact that tlio asterisins are so fre¬ 
quently .spoken of in the early literature of the. Briihmana period* 
while nevcrllielcss there is no distinct iiH‘iUionX)f the planets iiiftil lal-r 
(V\»'I)er, Ind. Lit., p. 222), tliat for a long time the Hindus mu.st have 
CoiiKi^'d Ihcir attention mal observations to the sun and moon, paj’ing 
no heotl to the IcsStr ]>lancls; and yet we cannot rcganl it as in any 
dogroo probable—hardly as possible, even—Hint any nation or people 
could e-ialilish a system of 2 i»di.-ic:d asleri'Uns without discovering and 
taking n«)ti! ol the jilaiiets; or that sncli a svstiMn could liave been com¬ 
municated to, and .‘qiplicil by, tbo Hindus, nitliont a recognition ou 
their part of those i'oii<picuoiis and ••ver-iiio\iiig .stars. Jt mav lairlv 1 c 
cluing)..ilii-n, that the U!s(.eri<ms, as a Hindu iiistitulion, arc an origin¬ 
ally mijar divi>ii)ii of tin- zodiai*; biii we obicig mme the le&s to their 
being sty I'*'I “ Imiar man>imis," or.cailcil by any crjni\aleiit name; lic- 
can'-c, in the lii-st place, the Ilir.ilus tlii‘ni.selvc 4 have, given tlicm no iiaino 
denoting a .s]ier;ial relation to the moon, and no name signit\ing “house, 
mansion, station, ’ tir anything lU' the kiml; and because, in tlic .second 
place, as sijKii smd as far as tlie liiniin-astrimoiiiy c’xleiuled itself beyond 
its iimitaliiui !•» oliservati<tlis of the inoun, just so far and s** soon did 
it employ the system ol asterisins as a g»*neral method of division of 
the oi-liplic; so lliat litiallv’, us pointed out bv ns idiove, the itt-lciisiLS 
have come to be dive.sted, in the properly ustj-onnniical literature of 
Iiidia. «if!di speiaal connection with the moon. With idiinK the same 
propriety might we call the Hindu signs “liini-solar inansioiih"—since 
they are, hy origin, the parts uf the ecliptic occupied by llie sun during 
cuq^iit'oeiisive synodical revoluliitn of Clio moon-T-as doiiomiuatc the 
of the Siddhiiiitns *• lunar mansions.’' 

99 . p. 209. We should have mentiom..! farther, that an addition# 
inducement—aiifl one, probably, of no Rinall w ;igljt—to llie reduction of 
the number of astuii.nns from twenty-eight .o twenly-seven; is to bo 
lecoguized in the fact that the time of the mo-ni’s sidereal revolution in 
days, tliongh intermediate between the two numbers, is yet decidedly 
ncjircr to twciity-s‘\en, exceeding it by less than a thbd. M. Biot 
iniglit even claim with some rea.son that the choice of the number 
twenty-eight tended to prove the whole system not a lunar one by 
origin: yet it might bo replied that, the time of revolution being dis¬ 
tinctly more than twenty-seven days, the larger number was fully aduiia- 

43 ’ 
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Bible, and that it was also in some respects preferable, aa being one that 
could be halved and quartered. , 

30 . p. 273. In bringing this work to a close, we deem it advisable 
to present, in a summary manner, but more distinctly and connectedly 
than could properly be done in the notes upon the text^ our conclusions 
as to certain points in the history of the Shrya-Siddhfiinta, and of the 
astronomical science which it represents. * 

In the first place, Bentley’s determination of the age of the treatise 
we conceive to bo altogether set aside by tlie considerations wliicb we 
have adduced against it (note to i. 29*-34); there is no masonable 
ground for questioning that the Shrya-Siildh&nta is, as the Hindus have 
long believed it to be, one of the most ancient and original of the woiiks 
which present their modem astronomical science. Ilow far the text of 
which the translation has been given above is identical in substance and 
extent with that of the original Shrya-Siddh&nta, is another question, 
and onb not easy to solve. That it is not precisely the same is evident 
enough. Even the modem manuscripts differ from one another in sin¬ 
gle readings,* in details of arrangement, in added or omitted verses. A 
comparison of the texts adopted and established by the difiTercnt com¬ 
mentators M'ould ‘be highly interesting, as carrying the history of the 
treatise a step farUier back: but to us only one. commentary is accessi¬ 
ble, nor do we find aqywlicrc any notices respecting the versions given 
by the ■otljers: in the absence of such, wc may conclude lliat all pre¬ 
sent substantially the same text, and so are alike posterior to the model¬ 
ling of the work into its present tbnii and with its present '-ontents. 
But tbe indications of a«lditioii and interpolation, which wc have nad in 
so many cases to point ont in our notes, are sumetin>es too telling to be 
misintcrpi'cted. Earthcr than this wo may nut at present go: any de¬ 
tailed discussion of the subject must remain unsatisfacton-, until a fuller 
acquaintance with other of the ancient treatises, and a more careful 
comparison of them with one another, shall throw upon it new light. 
A point of special interest connected with it is, whether the elements of 
moan motions of the pluncls do actually date from about the time 
pointed out by Bentley's calculations. V.'ith regard to this we arc far 
Jroin being confident; but we do not regard it as impossible, or even as 
veiy improbable, that those elements, as presented by our text, have 
been the same from the beginning, never having undergone correction 
until the application of the Hja, about A. D. 1500 (p. 19 etc.}. And 
the date of that correction is calculated at least to suggest the susp* ion 
that Muslim science may have had something to do with i*.* That 
/observation, and the improvement of their system by deductions from 
*■ observation, were ever matters of such serious earncsbwilh tlie Hindus 
that they ^ould have been led to make such ajmendincnta indepond- 
CDtly, is yet to bo proved. The most important alteration of which 
anyiLing like direct proof is furnished is that which concerns the pre¬ 
cession of the equinoxes (note to iii. 9-12); aucl even here we would 
not undertake to' say confidently what is the conclusion to be drawn. 
All such inquiries must remain conjectural, .more gropiugs in the twi¬ 
light, untik the position of the Siliya-Siddhftnta in the Siddhftnta litera* 
Uu;e shall be better understood. What has* given it so much greater 
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prominence and popularity than are enjoyed by the other works of its 
class, or from what period its preeminence, dates, is^inknown. There 
arc treatises, like tbe ^^kalya-SanhitA (add. note 1), which agree with 
it in .all essential features; there arc yet others,- like the Soma and Va- 
sishtlia Siddh&ntas, which'arc said (add. note 0) to vary little from it: 
whether any one among them all is original—and_ if any, which-— 
whe||cr in each case the relation is one of co-ordination or of subordi¬ 
nation—^wc must be content for the time to be ignorant. 

One thing,, however, is certain: underneath whatever variety may 
characterize the sc[>aratc treatises, there exists a fundamental unity ; 
their differences arc of secondary importance as compared with tlieir 
Tcscniblauces; they all represent essentially a single system. ^ And this 
by'no nicaiis in the same sense in which all modern astronomical works 
may be said to rejiriacnt a single system. For the Hindu system is not 
one of nature; it is not even a peculiar method of viewing and inter¬ 
preting nature, from which, after it had «»ncc been devised by sornc con¬ 
trolling iiitolicct, others had not the force and originality to deviate: it 
is a tl oronghly artificial stmetiire, full of arbitrary assumptions, cjf ab¬ 
surdities even, wliich liavc no foundation in nature, ami cu\ild be in- 
vonted by one as well as another. We need only to refer, n& instances, 
to the frame-work of monstrous chronological periods (i. I4-?3)—to 
the coinnioti epoch of the coininenccincnt of the Iron ^\ge (nolo to i. . 

» 29-lU), with its exact or nearly exact (aihl. note 0) conjunction of all 
the planets—to, the forjii of stiilemciit <»f the mean motions, yielding 
reciirriijwVoiijunctions, at longer or shorter intervals—to the assmnp- 
tion jjf a starting-point for the. planets from at or near C Fiscinm (note 
to i. iiV)—to the revolutions of the }i]>sides and nodes of the planets 
(i. 'll—1-t)—^to the double system of epicycles (ii. 34-38)—to the deter¬ 
mination of the planetary orbits (xii. 80-00), etc., etc. Tlic.sc arc plain 
indications that the liiiulu science emainitc)} from one centre; that it 
was the clahorulion of a period ainl of a school, if not of a single inas- 
tcr, who had power enough to impose his idiosyncracy upon the science 
of a whole nation. The riiiestioii, then, of the c.onipar.-itive aiiti»|iiity 
of single treatises is lost in the higher interest of the inquiry—when, 
where, and uinlcr what inllueiice originated the system which they all- 
agree in representing? 

What our opinions arc upon these points will not be a matter of 
doubt with any one who may have carcfnlly looked through the preced- 
higwjigcs, although they have nowhere been explicitly stated. W e rc- 
gimlthsili^du science as an offshoot from the Greok, planpid not far 
from thooommencoment of the CIiri.stian era, and attaining its fully do-a^ 
vcloped form in the eonrse of the fifth and sixtl centuries. The grounds ’ 
of this opinion we will proceed briefly to state. 

In considering such a question, it is fair to take first into account the 
general probabilities of the case. And thcro can be no question that, 
from what we know in other respeets of the character and tendencies 
of ihe Uindu mind, wo should not at all Itmk to find the Hindus in nos- 
session of an astronomical science containing so much of truth. They 
have been from the beginning distinguished by a remarkable Ibaptitiida 
and disinclination to observe, to collect facts, to record, to make indue- 
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tivc investigfiitions. The old belief under the indiience of which Bnilly 
could form his striuige theories—the belief in the iinniensc aiitiijnity of 
the IndiAii people, niid its iininomorial possession of a highly developed 
civilization—the belief that India was the cradle of language, myth¬ 
ology, ni'ts, sciences, and i-eligioiis—has long since been proved an error. 
It is now well known that Iliiuln culture cannot pretend to a remoter 
origin than 2000 B. C., and that-, though marked by striking and^ml- 
neiit traits of intellect and character, the Hindus have ever been Weak, 
in positive science; metaphysics ami grammar—with, perhaps, algebra 
ana arithmetic, to them tlie mechanical part of mathematical science— 
being the only branches of knowledge in which they have independently 
won 'honorable distinction. That astronomy would come to constitute 
an exception to the general rule in this respect, there is no antecedent 
ground for supposing. The infrequency of referonres to the stgirs in 
the early Sanskrit literature, the l.ate date of the earliest mention of the 

S lanets, prove that there was no special iinpiilAc leading the nation to 
evotc itself to studying the movements of the heavenly bodies. All 
evidence goes to show that the Hindus, even after they had derived 
from abroad (p. 20-t) a systematic division of the ecliptic, limited tlicir 
attention to tlie two chief luminaries, the sun and moon, and contented 
thcmselves'with' establishing a method of maintaining the concordance 
of the solar year with the order of the lunar months. If, then, at a Inter 
period, wc find them in possession of a full astronomy of the solar sys¬ 
tem, our first impulse is to inquire, whence did thc^obtain it? A 
closer inspection tlocs not tend to inspire ns with confidcnee as of 
Hindu origin. Wc find it, to be sure, thoroughly Hindu in its external 
form, wearing many strange and fantastic features which are to he at 
once recognized os of native Indian growth; but we find it also to e.on- 
.tain much true science, which could only be derived from a profound 
and long-continued study of naturo. The whole system, In short, may 
be divided into two portions, whereof the one contains truth sr) sncccs.s- 
fnlly. deduced that only the Greeks, among all other ancient nations, can 
show anything worthy to be compared with it; the other, the frame¬ 
work in which that truth is set, composed of arbitrary assumptions and 
absurd imaginings, which betmy a close connection with the fietitious. 
cosmogonies and geographies of the pliilosopliical and'Puranie. literatnro 
of India. The question presses itself, then, strongly upon ns, whether 
these two portions can possibly have tlie same origin : whether the sci¬ 
entific habit of mind which could lead to the discovery of the o,n-c is* 
corapaliblu with (hose tmits which' would permit its admixture tlie 
other. Bift most especially, could a system foundtid—as thif, 'if origi¬ 
nal, most have been—upon sagacious, accurate, and protracted observa¬ 
tion of the heavenly bodies, so entirely ignore the ground-work upon 
whi-'ih it rested, and refuse and deny all possibility of future improve¬ 
ment by like means, as docs this Hindu system, in whose text-books 
appears no reconl of an observation, and no confessed deduction from 
observations; in which the asltronomcr is remanded to his text-book as 
the solo and sufficient source of knowledge, nor ever taught or cotin- 
aelled to study the heavens except for the purpose of determining his 
longitude, his latitude, and the local time I Surely, we liave a right to 
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say that the system, in its fom as laid before ns, must come from an> 
other people or another j 2 ;cncraiion than that which laid its scientific 
foundation; that it must be the work of a race which either had nerer ^ 
known, or had had time to forget, the obson'ing habits and the induc¬ 
tive methods of tliose who gave it origin. lint the hypothesis that an 
carlici^gencration in India itself performed the labors of which the later 
sys^m-makers reaped tln^friiit, is well-nigh excluded by the absence, 
already referred to, of all evidence' in the more ancient literature of 
deep astronomical investigation: the other aUernntive, of derivation 
from a foreign sonroe, remains, if not the only possible, at least the only 
probable one. We come, then, next to consider tlie ilirect eviilciices of 
a Cii'cek origin. ■ 

Fimt in importance among tlicse is the system of epicycles for repre¬ 
senting the nioveincnt, and calculating the pusitions, of the ydancts. 
This, the cardinal feature in both systetiis, is (ii. i)4-4o) essentially alike * 
and the same in both, Now, notwithstanding the fhcl that such second¬ 
ary circles do in fact rcpi'esnut, to a certain degree, true quantities in 
nature, there is yet too much that is strange .and arbitrary in them to 
leave any probability to the supposition that two nations eoidd liavo dc- 
vir'ed tliein indepeiidonily. lint there arc sufliciciit grounds for believ¬ 
ing ibc Greeks to have .'letually created their own system, bringing it 
by successive steps of elaboration to the form in which Ptolemy linally 
presents it. In the history of the science among the tJreeks, cverytlinig 
IS clear and open; they tell us what they owed to the Kgyplians, what 
to lhe- (yuldnaus: we trace the conceptions which were the germs of 
• thei#‘Vlieiiie of cpi<’Ycles, the observations on wliicb it w:is based, the 
inductive and deductive methods by which it was worked -out and estab¬ 
lished. In the Hindu astronomy, on the other hand, all is groundless 
assumption and absurd pretense: wc find, as basis for the system, neither 
the conceptions—for these arc directly or impliedly denied or ignored 
—nor the observations—for not a mcMilion of an actual observation is 
anywhere to be discovered—nor the methods: llic whole is graiely put 
forth as a complete and yicrfect fabric, of tlivinc origin and imineniorial 
antiquity. On the iq;rccmcnt of the two seicnces in ]>oint of numerical 
data we will not lay any stress, since it might well eri«>ugh be supposed 
that two iifitions, if once set upon the same track towaiil the discovery 
of truth, would arrive indcpcn<iently at so near an accordance with na¬ 
ture and with one another. We )vill look for other eviiloiiees, of a less 
aifihiguous character, to sustain our- main argument.- The division of 
tlic^^le, into signs, degrees, minutes, and seconils, is the same in both 
systems,*and, being foundation on which all numerical measurcmoij^s 

and calculations are nnule, is an essential anil integral part of botLv 
Now the names of the lirst subdivisions, th ? signs, -arc the same in 
Greece and in India (see note to i. 5R): but wi.h the Greeks they belong 
to certain fixed arcs of the ecliptic, being dcrivrd from the constellations 
occupying those arcs; witli the Uindns they arc applied to sncccssivo 
arcs of 30**, counted from any point that may be chosen: this is an im¬ 
am biguons indication that the latter have borrowed them, and fol'gottcn 
or neglected their original significance. But farther, the ordinary llindii 
name of that division of the circle which is in most frequent use, the 
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minute, is no Sanskrit wordy but taken directly from the Greek, being 
lipUj which is Again, the planets arc ordinarily named in‘the 

Siddh&ntas in the onlcr in which they succeed one another as regents 
of the days of the week; and not only has it been ahown above that 
the week is no original itindu institntion, but it has even appeared that, 
on tracing it to its very foundation, we find |liere another Greek word, 
repi’i'scntcd by honir. Once more, in the cardinal operation of find' 
ing by means of .the system of epicycles the true place of a planet, we 
see that one of the most important data, the mean anomaly, is called 
by another name of Greek origin, namely kendraj which is xiingoy. 
These three words, occurring wncrc they do, not upon the outskirts of 
the Hindu science, but in its very centre and citadel, amount of tlicin- 
sulves alinost to full proof of its (ireek origin: taken in connection with 
thc-othcr concurrent evidences, they form an argument which can. nei¬ 
ther be set aside nor refuted. Of those other evidences, we will only 
mention farther here Uint Hindu treatises and commentaries of an early 
date often refer to the yamnas, “Greeks” or “westerners,” and to ya- 
vanAetirydg. “ the Greek (or western) teachers,” as authorities on astro¬ 
nomical subjects—tliat astronomical treatises arc found healing naiqcs 
which come more or less distinctly from the West (note to i. 4-G) —and 
that floating traditions are met with, to - the effect that sonic of the 
Siddhantas were revealed to their linnian promulgators in Koinaka-eity, 
that is to say, at Home. Farther witness to the same truth, dedurible 
from other coincidences of the two systems, we pass unnoticed here, 
since it is not our object to discuss the ([uestion exhaustively, only 
to bring forward the main grounds (if our opinions. ^ 

Tlie question next arises, when, and in what manner the knowledge of 
astronomy was communicated from Greece to India. • In reply to tliiH, 
only prol»bilities offer themselves, yet in some points -the indications 
are pretty distinct. It is, in onr own view, altogether likely that the 
science came iii connection with the lively coinincn'u which, during the 
first cciitnries of onr crii, was carried on by sea between Alcxandrin, as 
tlic port and mart of Home, and the western const of India. I'wo con¬ 
siderations especially favor this supposition : first, that iliu chief .site of 
the Hindn science is found to be the city whi^h lay nearest to the route, 
of that commerce (note to i. 62): secondly, that Homo is the only west' 
ern city or country wliich is distinctly mentioned in the astronomical 
geoj^phy (xii. 69), and the one with which, as above noticed, the astrn- 
noinicai traditions connect themselves. Had the Hindus derivcrl 
knowledge overland, through the Hyriaii, Persian, and. Bautrii^lmig- 
(^ms which stood under Greek government, or in which Greek i^nence 
was predominant, and Greek culture known and prized, the name of 
Home would have been vastly less likely to stand forth with such promi¬ 
nence, and the capitals of Hindustan proper would more probably have 
been the cradles of the new science^ The abscnco from the Iliiidu 
system of any of the improvciilcntB introduced by Ptolemy into that of 
the Greeks (‘note to ii. 43-40) tends strongly to prove that the transniis- 
sioB of the principal groundwork of the former took place before hia 
•tiiM: nor can we think it likely that the nninorical elements adopted 
by the Hindus would vary so much as in many cases they are found to 
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do from those of the Syntaxis, if the latter had been already in existence^ 
and aclcnowledgcd as the principal and most authoritative exponent of 
Grceh astronomy. 'Whctlier the information was transmitted through • 
the medium of Hindus who visited the Mediterranean, or of learned 
Greeks who made the voyage to India, or by the translation of Greek 
treatises, or by what other methods, we would not at present even offer 
a conjecture; and the point is one of only subordinate consequence. 

Wiiatevcr may have been the date of the first communication of the 
elements out of which the Hindu system was elaborated, there is good 
reason to suppose that its final reduction to its present form did pot 
take place until some time dfiring the fifth and sixth centuries. 'JHiat 
period is distinctly pointed out by the choice of the' equinox of A. B. 
570 as the initial and principal point of the fixed sphere (note to i. 271, 
by the definition of position of the junction-stars of the astcrisms (p. 211), 
and by the Hindu traditions which refer to that time the names of ' 
greatest prominence and authority in the early history of the science, 
it is evident that the elaboration of the 5\stcm must hare been a work 
of time, probably of many generations: what were the forms wliicb it 
wore in the interval wo do not know; here, as in many other depart¬ 
ments of the Hindu literature, all rt'cord of the stops of dcrelopiiicnt 
appears to he lust, onl;^ the final and fully formed product being pre¬ 
server! and traiibrnilted- to ns: yet more light upon this point may still 
be hoped for, from the careful examination of all documents now ac¬ 
cessible, or of such as may licrcafier be discovered. The process of 
a<siiiii|v,fb»^ >^iid adaptsttion to Hindu conceptions and Hindu methods 
was^hi'rouglily and completely performed. Among the changes of 
method introduced, the most useful and important was the substitution 
of sines for chords (p. Gu); the general substitution of an arithmetical 
for a geometrical form also deserves particular notice. That no great 
amount of geometrical science is implied in any part of the system, ii 
\ cry evidcnl: it is distinguished by the constant and dexterous applica- 
lion of a few simple principles: the oi|uality of the square of the hy¬ 
po! hciiuso to the sum of the sqimres of the base and perpendicular—the 
compari>ou of similar riglit-aiigled triangles—the formation and com- 
biiiaiion of proportions, the rule ut^ three—are the characteristic features 
•of the early Hindu inatlicmatical knowledge, as displayed in tlic Shrya- 
Sidilhknta. Of. other treatises, of an earlier or later period, as those of ' 
Hrahiuagnpta and Bhkskara, which (see Oolehrooke's Hindu Algebra) 
gkijp evidence of knowledge more profound in arithinetie and algebra, 
wo L'A^not at present speak; but we hope at some future time to be able 
to revolt to the subject of tho Hindu astronomy, in connection wilih 
these or other of the text-books by which it is repress nled. 

Kov. Mr. Burgess, having placed his translation and notes in tho 
hands of the Committee of Publication for farther elaboration, has vei^ 
liberally allowed them entire freedom in their work, even where their 
doilnctioiis, and the views they expressed, did not accord with bis own 
opinions. Tho most important point at issue between us is' that dis¬ 
cussed in the next preceding pages, or the originali^ of the Hindu 
astronomy; upon ^is, then, he ia desirous of expressing independently 
iris d‘is8uuting views, as in the following note. 
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It may not be improper ficir me to state, in a closing note, that T bad 
prepantd a somewhat ext-ended and elaborate essay on the history of 
astronomy among the Hindus to be published in connection with the 
preceding translation. But the length'of this essay is such—the subject 
matter of it not being material to the illustration of the Siddh&nta, and 
the translation and notes having already occupied so much space—that 
it was not thought advisable to insert it here. 

Yet as my investigations have led m9 to adopt opinions on some 
points differing from those advanced by Prof. Whitney in his very valu¬ 
able additions to the notes ii|)Oii the translation, truth and consistency 
seem to require me to present at lea.«t a brief summary of the rcsulta at 
which I arrived in that essay in reference to the points in question. By 
so doing, 1 free myself from any einbnrrassineiit under which 1 should 
labor, if hereafter—as 1 now intend—T shall wish to express the 
grounds for my opinions on these points, in this Journal or elsewhere. 

The points to which I allude bear upon the claims of the llindcs to 
the honor of original invention and diseovery in astronomical sc-loiicc— 
especially, their claims to such an honor in eoniuarison with the Circclis. 

Prof. Whitney seems to hold the opinion, tuht the Iliiidiis derived 
their astronomy and nstrolngy almost bodily from the (h'euks—and 
that what they diil not borrow' from the Cireeks, they^Icrived from other 
people, as the Arabians, Clialdeuns and (Jliincse (see pp. 34, j*01, 206, 
et al.). I think he*does not give the Hindus the credit due P^hem, 
and awards to the Greeks mure credit than they arc justly entitled to. 
In advancing this opinion, however, I admit that the Greeks, at a later 
period, were the more successful cultivators of astronomical science. 
There is nothing among the Hindu treatises that caii eoiujmrc with the 
great Syiitaxis of Ptolemy. And yet, from the light 1 now have, 1 
must think the Hindus original in regard to most of the elomeiifary 
facts and principles of ustrononiy as funtul in their systems, and for the 
most part also in their ciillivation of the science; and that the Greeks 
borrowed from tluMii, or from an iiitcrincdiutc secondary source, to 
which tliesc facts and prini:ij)Ics had consc from India. I might perhaps^ 
so far modify tliis statemcnl :vs to admit the snpposilioh that neither 
Greeks nor IJindns bon'owiul the one from the other, but both from a 
common source. But with iny present knowledge, 1 cannot conci^.in 
the opiuioii that the Hindus are, to any gi'cat extent, indebtcdi^le 
Greeks for their astronomy, or-tliatllie latter have any well groiinded 
bairns to the honor of originality in regard to those elementary facts 
and principles of asti'onomical science which arc common to their own 
and other ancient systems, and which arc of such a nature as indicates 
for them a single origin, and a transmission from one system to another. 
For the sake of clearness, it is well that L should state more specifically 
a few of the more important fiicta and principles that come under the 
class above, referred to. They are as follows: 

^1. The lunar division of the zodiac into twenty-seven or twenty-eight 
. asierisms (see transl., eh. viii). Tliis division is common, with slight 
modifications, to the llindn, Arabian, and Chinese systems. 
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2. The Rolar division of Iho zodiac into twelve aignis, with the names 
of the latter. ‘ These names are, in their import, precisely the same in 
the Hindu and (vrcck systems. Tlic coincidence is sneh that the theory * 
of ^ the division and the names of the parts having proceeded from one 
original 80 iirc(‘ is uncpiestiouably the correct one. 

3. The theory of epicycles in accounting for the motioiis of the plan¬ 

ets, ajid in ('al<-ulating their true places. Tliis is coiunion to the Hindu 
and (jrcek astronomies. At least, there is sneh a coincidence in tlie two 
systems in reference to the epicycles as almost to pi'oclndc the idea of 
indepcntlent origin or invention. * * 

4. Coincideni‘.cs, and even a s>ainencss in some pails, between the 
systems of astrology received among the Hindus, Greeks, and Anibians, 
strongly indicate for those systems, in tlicir primitive and essential ele¬ 
ments, a ('oinnion origin. 

u. The names of the five planets known to the ancients, and tKe ap¬ 
plication of these names to tlie 'lays of the Week (si-e. notes, i. 52). 

In rcgai\l to these specifications I remark in geui-ral: 

Fii’) t, in reference to no one of them do the •■laiins of any peo\iIe to 
the lionor of having been the original inventors or discoverers appear to 
be better fnunded than those.of the Hindus. 

Secondly, in reference, to most of Ihemj the evidence of originality I 
regard a.s clearly in favor oi the HlikIus; a'ld in regard to some, and 
tho.si‘ the mure iinpurlant, tliis evidence appears to me nearly or quite, 
e.onolusivc. 

1 h|W'7'flot space tor detail, nor is it the, design of this note to enter 
into tlie ill-tails of argument on any point whatever. A brief rcinai'k, 
however, for tint sake of elearncss, si-eiiis calk'd for in reference to each 
of the above five sjiceitiontioas of facts and principles eommoii to some 
or all of the ancient systems of antronomy and astrology. 

1. .\s to the lunar dlvisiun of the zodiac into twenty-seven or twenty- 
eight asterisnih. The iindonblcd antiquity of this division, even in its 
elaborated Ibrin, among tlie Hindus, in connection willi the absence or 
paucity of sneh evideiu’e among any other people, incline mo decidedly 
to the opinion that the diiision is of a pnrcly*llinJu origin. This is 
still my opinion, iiutwitlistanding the views ailvanced by M. Biot and 
others in favor of another origin. 

As to the so1;ir >division of the zodjio into twelve parts, and the 
names of those parts. The use of this (Iivision, and the jn-esent names 
of tlhi^signs, can be proved to have existed in India at as early a period 
as in aT{^i*.qthci' country: and there is cvj^cnce less clear and satisfac¬ 
tory, it i.s true, yet of such a eharaetnr as to civate a high degree 
probability, that- this division was known to tin ILindns ecntiines before 
any traces can bo found in existence among an) other people. 

As c.orroborative of this position in part, or at least as strongly favor¬ 
ing the idea of .an eastern origin of tho division of the ecliptie in qaestion, 

I iiiu) be allowed to adduce the opinions of Idelcr and Lepsius, as quoted 
by iiniiibiililt ((.'osiiius, llai’per’s ed., iii. 120, note):. “Idelcr is inclined 
to believe that the Orientals had names, but not constellations, for the 
Dodccatomeria, and Lepsius regards it as a natural assumption * that 
the Greeks, at the period when their sphere was for the most part 

43 
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unfiUeil, eihould kavo added to their own the Chaldean conatellationa 
from wliich the twelve divisions were named.’” 'Whether Ideler meant 
by “Orientals” the Chaldvap^ or some other eastern people, the appli¬ 
cation of the term in tliis connection to the Hindus exactly suits the 
supposition of the' Indian origin of the division in question, since iii 
Indian astronomy the Utimes of the sigiis are merely names of the 
twelfth parts of tlio ecliptic, and are never applied to constellations. 
Humboldt’s opinion is, that the solar divisions of the ecliptic, witli the 
names of the signs, came to the Greeks from Chaldea. 1 think the ovi- 
deecc preponderates in favor of a more eastern, if not a Hindu, origin^ 

:l. The theory of epicycles. Tlic difference in the development of 
this theory in the Greek and Tlindn systems of astronomy precludes 
the idea that one of these peoph' derived more tlian a hint respecting it 
from the other. And so far ns this point alone is concerned, we have ns 
much mason to suppose the (iivcks to have been the borrowers as the 
contrary; but other considerations seem to favor the supposition tliat 
the Hindus were the original inventors of this theory. 

4. As regards astrology, there is not much honor, in any cstiuyition^ 
connected witli its invention ami culture. 'L'lie coincidences that*exist 
between the Hiiidii and Greek systems arc too remarkable to admit of 
the supposition of an independent origin for them. Ihit tlu! honor of 
original invention, such ns it is, lies, 1 think, between the Hindus and the 
Cliuldcans. The evidence of priority of invention and culture seems, on 
the whole, to be in favor of liie former; the existence of three or four 
Arabic and ^roek terms in the Hindu system being accoiiii4ii{l for or 
the supposition that they were introduced at a coiuparativelyitecenl 
period. In reference, however, to the word /mrd, Greek &i>a (ace notes 
to i. 52; xii. 7B-79), it may not be inappropriate to introduce tht tes> 
timony cif Ilcrodotns (11.11, eh. 109): “The sun-dial and the gnomon, 
with the division of the day into twelve parts, were received by the 
Greeks from the Babylonians.” lliere is abiimlant testimony to tl:c 
fact that the division of the day into twentv-four hours existed in the 
East, if not actually in India, before it did in Greece. In reference, 
farther, to the so-called Gi'cck words found in Hindu astronomical treat¬ 
ises, 1 would remark that we may with entire propriety refer them to 
that numerous-class of words common to the Greek and Sanskrit lan¬ 
guages, which cither came to both from a common source, or passed 
from tlic S.inskiit to the GrcAw at a period of high antiquity; for no 
one maintains, so far as 1 am aware, that the Greek is tlie parent o^-. the 
Sanskrit, to Uic extent indiei^d by Uiis numerous class of wi^s, and 
by the similarity of grammatim inflections in the two langnii^s. 

G. As to the names of the planets, T remark that tlie identity of all 
of tlmrn in the Hindu and Greek systems is not to iny mind clearly 
made out. However this may be, I think the present names of the 
planets in frruek iistronoiny originated at least as far cast os Chaldea. 
Herodotus says (B. II, ch. 52) . . , “ tlic names of the gods came into 
Greece frohi E^pL” The names of the planets are names of gods. 
Herodotus’s opinion indicates Uie belief of tlic Greeks in reference to 
origin of these names. Other considerations show fur them, almoUt 
beyond a question, an origin as far east, to say the least, as Chaldea. 
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^ application of the nomra of the planets to the days of tho ' 
week, it is impossible to detemiinc definitely where it originate<]. Re¬ 
specting this matter, Pro£ H. II, AYilson expresses his opinion—^in which • 
I concur—in the tblloa’ing language: “ Tlie origin of this arrangement 
is not very precisely ascertained, as it was unknown to the Greeks, and 
not. adopted by the Romans until a late period. It is commonly 
asciibcd to tlie Egyptians and llabyloniaiis, but upon no very sufficient 
authority, and the llindus ap])ear to have at least as good a titlo to the 
invention as any other people” (Jour. Roy. As. Hoe., ix. 84). 

One word on the claims of the Arabians to the honor of original-^in- 
vimtion in astronomical Miieiice. And first, they themselves claim no 
such honor, 'riiey confess to liaviiig received idudr astronomy from 
India and Greece. They had at an early period some two or three of 
the first Hindu ti-c.'itises of astronomy. “In the rcigii of the second 
Abbassidc Khalif Ahnansilr ... (A. as is related in the preface 

to the astronomical tables uf Ren-AI-Adami, published ... A. D. 920, 
an Indian astronomer, well vcrscil in the science wliich he ])rofcssed, 
visitf'd the court of the Khalif, bringing with him tables of the equa¬ 
tions of planets according to the iiieun motions, with observations rela¬ 
tive to both solar and luiiar eclipses, and the ascension of the signs; 
taken, as he affirmed, from fables cnnqMitcd by an Indian prince, whose 
iiauic, us the Arabian jiiitbor writes it, #us riiiijUAn” (Colebrookc's 
Himbi Algebra, p. Ixiv). That the .Arabians were thoroughly imbued 
with a knowledge of tin* Hindu astronomy before they became ac- 
qnbntf'r'i'with that of the Greeks, is evident from their translation of 
Ptolfiny's Syntaxis. Jt is known that this great work of the Greek 
astronomer fimt beeainc known in Europe through the Arabic version. 
In tlie Latin translation of this version, the asccmling node (Greek dea- 
adirdftiftoi) is called nqflus capitis, “node of tho head,” and the 
descending node (Greek xuTa^tlt&';otv adkdeapog), nodus eavdue, “node of 
the tail”—wliicli are pure Hindu appellations (sec Latin Ti’anslation of 
Almagest, 11. iv, cli. 4; It. vi, cli. 7, et al.). This fact, with other ev ideuce, 
clearly shows the iiifiucnco of Hindu astronomy' on that of the .Vrabians. 
In fact, this latter people seem to liave dune little more in this .science 
than work over the luatdrials derived trum their eastern and western 
neighbors. 

Another fact showing tlie belief of tho Arabians themselves respect¬ 
ing their indebtedness, in maitcrs'of science, to the Hindus, should be 
mw.tjoncd here. They ascribe the invention of the numerals, the nine 
digits''(4he credit of whose invention is quite generally awarded to the 
Arabians), to tlie Hindus. “All tbo Arabic and Persian books of aritfi- 
metre ascribe the invention to the Indiana” (Htracney, on the Early 
History of Algebra, As. lies., xii. 184aoc likewise Golcbrookc’s Hindu 
Algcbi-a, pp. lii-liii, where the same is shown from a different anthoiity. 
Strachey’s article was published subsequently to the w'ork of Oolebrookey 

The above facts and considerations, showing the indebtedness of tho 
.Arabians to the Hindus in regard to mathematical and astronomical 
science, clearly have an important bearing on tho question of priority 
of invention in regard to the lunar division of tho zodiac into twenty- 
oight asterismB, at least so far as tho Arabians are concerned. Taking 
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all \he fiftcts into account, the suppoaition that this people twere the 
inventurH is altogctlicr untcnablc. 

1 close tills note—already longer than I intended—^with a quotation 
from that distinguished orientalist, II. T. Colcbrooke. In a very valu¬ 
able essay entitled “ On the Notions of the Hindu Astronomers concern¬ 
ing the Ihvccssion of the Equinoxes and Motions of the PlUncts,” having 
stated with some detail sonic of the more striking peculiarities of the 
Hindu systems, and likewise coincidences existing between them and that 
of the Greeks, with the evidence of cominunication from one people to 
th^ other, he says: “ If these cireunistances, joiiicil to a rcscinhlance 
hardly to be supposed casual, which the Jliiidu astronomy, with its ap¬ 
paratus of eccentrics and epicycles, bcara in many respects to that of 
the Greeks, be thought to authorixo a belief, that the llindus received 
from the Greeks tliat kiiowletlge which enabled them to correct and im¬ 
prove their own impcifcct astroiioiiiy, T shall not bo inclined to dissent 
from the opinion” (As. Res., xii. ‘J4o-6; Ksssiys, ii. 411). 

This is all that so leanicd and csuitious a writer could say in favor of 
the opinion that the Hindus derived astronomical knowledge from the 
Greeks, ^pre than this I certainly could not say. After the \olar 
division of zodific, with the names of its parts, it is evident, I think, 
that only hints could liavo passed from one people to the other, and that 
at an early period; for on the supposition that the llindus borrow'cd 
from the Greeks at a later period, we find it difficult to sec precisely 
what.it was that they boiTowcd; since in no case do imincrical data anil 
results in the systems of the two peoples exactly correspond. «s^(l in 
regar<l to the more important of such data and results—as for in^nce, 
the amount of the annual precession of the equinoxes, the relative size 
of the sun and moon as nompared with the earth, the greatest equation 
of the centre for the sun—the Hindus arc more nearly correct than the 
Greeks, and in regard to the times of tlie rovoliitious of the jiliinets 
they are very nearly as correct: it appearing from a eoinparat'rve view 
of the sidereal revolutions of the planets (p. 24). that the Hindus are 
most nearly correct in four items, and Ptolemy m six. There has evi¬ 
dently been very little astronomical borrowing between flic IJiiidiis and 
the Greeks. And in relation to points that prove a communication from 
one people to the other, with luy present knowledge on tlie siilijcct, I 
am inclined to think that the course of derivation was the opposite to 
that supposed by ('olubrookc—from east to west ratlier than from west 
to cast; and 1 would express my opinion in relation to astronomjr«.Tin 
the language whicli this eminent scholar uses in relation to sonmiebinei- 
ckmccs in speculative philosophy and religious dogmas, cspcllmlly the 
doctrine of metempsychosis, fiiund in the Greek jand Hindu systems, 
which, indicate a communication from one pco]dc to the other: 
should be disposed to conclude that tlie Indians were in this instance 
teachers rather than learners” (Transactions of tlie Roy. As. Soc.,.i. 570); 

' This opinion is expressed in the last essay on oriental philosophy that 
came from the pen of Colcbrooke. E. B. 

< Boston, May, 1860. 
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anra, i. 28 n, 
anrwrimnrflct, vii. 19. 
akuf'tt, i 60 n. 

aArrf tadrlrknrman, vii. 12 n, iz. 5 n. 

ak. hklthii, iii. 1.1 u. 

aktthounati, i. 60 n. 

affrtrji/d, iii. 7 ii. 

agramtiurwkii, iii. 27. 

agrri, iii. 7 ii. 

aghuit. add. n. 26. 

angdvekt i, add. n. S. 

a»^''V-‘iii. S> 11, X. 9. 

aja, i. 68 n. 

(tjn t'kapthL 199. 
ann, vii. 19. 
ntiwgita. ii. 11 n. 

ii. 13. 
aditi, xii. 2S ii. 
adhiktira, i. 7o n', xi. 23 n. 
adfihuiim, adhhnAsaka, i. 10 n. 
atihgiUma, xii. 11. 
mUnaiiiii, xi. 23ii, xii. 10. 
anurtiJfui, 192. 
auHvakrn, ii. 12. 
eatiuhMipi, add. ii. 3. 
atilara, xi. 18 n. 
atituralagiiAisavus, iii. 60 n. 
oiiti/ii, ill. 7 II. 

ait^iukti, add. ii. 26. , 

apokramn, i. 70 ii. 
apnkritmamnntlala, xiii. IS n. 
apnbharmfi, 184. 
afuwiawlafa, xiii. 13 ii. 
aptuavga, vii. I'J. 
apaiavgam, xii. 72 n. 
apmHvatsa, viii. 21 n. 
aokijit, I AS. 
amarcjga, add. 4i. 3. 
tandvnMgd, ii. 66 a, iv. 7. 
atn&ria, i. 10. _ _ 
aniTlasniva, xiii. 19 n. 
agatio, iii. 10, 249, xii. 72 n. 


niinvttknhU, vii. 12 ii. 

; if/irffiof/raAif, vii. 12 n. 
o.i/finndrA'ittonnanfvii. 12n. 

•tgaiifhifti, lOil. ■ 

; ugaMHHta, xii. 72 n. 

Hfkn. iidd. n. 3. 

I nrknjn. ;id<l. ii. 3, 
orkfigni. id. 23. 
ftrjihi!, aild. II. 26. 
tihtka. xiii. 16 ii. 

I nvaunli, V. 1 n. 
fiti’/it/ha, add. n. 26. 

ttrt’utfujdh, 183. 

tifriii!, mriiii, afvindu, 183 
, tm/i'iif/ui, l'.N. 
nwa», iii. -16 ii. 
ci«i7fi, X. 1.3 11. 

ij anr, i. 12 ii: and see nsav'M. 

iisnrtf, i. 2, xii, il3. 

; imeft, ix. 1 D. 

, amniHgtifluml, xiii. 13. 
aulumtmti, nulamaya, iz. 1 n. 
axfiilttgmf, xiii. 15 n. 

■ ajtfthiftin, ix. 6 u. 

, tisph'ita, v. 7. 
j ahaukunt, xii. 20. 
i ahnrt/iititi, i.' .31 n. 

I alii biuih,n/n, 199, ix. 18. 
j ahonUra, lii. 01 n. 

I (fJC'dfa. xii. 00 n. 

likulia di-kkanna" vii. 12 n. 
tikultn V Inna. iv. 23ii. 
dgiu-ga, .'iii. 18, 
tlJi, xii. ' fi. 

ddilga, viii. 10, xii. 28 n. 

•ipa, dpaa, 104, viii. 21 n. 
dpga, viii. 4. 
dgiiHa graha, vii. 12 n. 
dgana arkkarman, vii. 12 a. 
dgana valana, iv. 25 n. 

• drki, add. n. 3 , 
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drdrd, 186. 
dryikd, add. n. 26. 
dli, i. 6S n. 
duftj/a, ili.'l S n. 
dfrenhd, 188. 
dflftlid, 188. 
dManndtd, JCfi. 12 u. 

indii, add. n. 3. 
i^eakd, adiL n. 26. 
ilvald, add. n. 26. 
t«Au, add. n.* 16. 
iMhta, i. 68 □. 

iMVo, i. 33, 34 n, ii. 6 n. 
vtkramajtfd, ii. 27 n. 
utkramtifydrdJmpiwlaka, it 22 . 
uttara, vi. 12 n, 189. 
vttara kharufa, xi. 23 n. 
uttardi/a^n, iii. 12 D. 
wdatfo, V. 3 n. ix. 1 n, 
iidayajjifd, ▼. 3 n. * 

HikivapraMU, ii. 69 n. 
vdat/dMuas, iL 59 n, iii. 43 n. 
vdajtfiatddhikdra, iz. I n. 
nnnala, iii. 39 n, ir. 20. 
vnmandala, iii. K n. 
vnmtmdaJavanku, iii. 34 n. 
muiii/ana. iv. 17 n. 
vllekha, viL 18. 

Tlrdi^iiam, xiii. lOn. 

urdhva ydmyoUaravrtta, ziii. 16 ii. 

feat, zii. 17. 
rju, ii. 13. 

, ii. 5 n. 
rfic, ziv. 10 n. 

Tiii. 21 n, xiv. 26. 

tikadega, Ji\. 18 ii. 
tkdyanayata, xi. 6 n, 18 n. 

dindra, xi. 21. 

fi/a, iL 86. 

kakAd, 17. 3 n; xii. 65 n, ziii. 4. 
kadambm, v. 1 n. 

^kanjffi, i. 68 n. 
kapata, ▼. 17 n, juiL 22 n. 
kapUa, vi. 23. 
karmga, iL 67, 69 n. 
karani, iii. 30, 34 D. 
karka, kurkatjt, i. 53 n. 
karna, ii. 41, UL 23 n, iv. 21 it. 
karmem, ii. 42, viL 12 n. 
kalana, i. lOn. 

‘kald, i. 12 n, 28.- 
kali^ L 17 n. 
kali yuga, i. 17 n. 
kalpa, L 19. * 


j kdpdlika, viii. 18 n.. 
i fectniiuika. add. n. 16. 

knla, i. 10 n, ii. 69 n. 

I kdlapnti, ix. 11 n. 
j| kdlabJidgdt, ix. 5 n. 
ij kdiandMana, iiL 60. 
l! kdldugda, ix. 6 n. 
l! kdAitthd, i. 12n. 

|; knjn, add. n. 3. 

I kuji/d. ii. OS n. 

! kiitifa, ii. 12. 

I kmabka, L 68 D. 

I Xvlfa, vii. 22. 

I krtn, i. 17 n. 

{ t-rta yuga, i. 17 n. 

|! kTtlik€U 184. 

X-rx/fiia, xiv. 17. 
kruhnaUbnra, vi. 23. 
trritkna paknha, i. 61 n. 
kendta, ii. 30 ii, 45 n. 

I' koti, ii. 30 n. x. 16n, add. n. 16. 
I koiijtui, ii. 30ii. add. n. 16. 

I A'i^,i}t/dphata, ii. 39 n. 

koiipltala, ii. 39 n. 

, koiia, Iii. 34 n. 

kortm/mtku, iii. 84 ii. 
krtinti, i. 70 ii. 

;! kriiatijifd, ii. 28n. 

!| krtinJiptHa, 86 . 

kfiinHjnUaiinti, iii. 12 n. 
krdniimawlitta, xiii. 13 n. 

J; krdniinrUn, xiii. 13 u. 

:■ krut'fi, i. 60 ri. 
kfhana, i. 12 n. 

I kglitii/ti, i. 40 n, xii, 72 n 

[ A-»kiii, ii. 63 n. 

I kskilija, iii. 49 n, v. 1 n. 

I kshilijufi, ii. 63 n. 

! A-thtp, 1. TUij. 

I kubetra, ix. 16 n, xiii. 11. 

! ks/icirdugiia, ix. 16n. 

AslKHriya, 193. 

I AzskepOt iv. 21 n, v. 6n. 

! khfteara, add. n. 22. 

j khaedriti, add. n. 22. 

I khamadhyOf v. 1 n, xiii. 14. 

I 

I gaM, i. 28 n. 

; xi. 22II. 

^attddnfo, xi. 21, 22. 
gait, V. On. 
garbha, v. 1 n. 
guru, xiii. 2, add. n. 3. 
gurmtkahara, i. 12 a. 
guhyaka, xiii. 3 n. 
goia, V. In. 
gdwM, L 13 n. 
graila, vi. 18, lx. 9. 
graka, iv. 6 n, add. n.*22. 

* grahmta, iv. 6 ii,, vi. 4. 

jfrahayuXgadkikma, vii. 1 n. 
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^dao, iT. 11 n, 15 n, 20. 
griliaka, iv. 0 n, 
grdhya, W. 9 n. 

■ 

ghati, ziii. 23 n. 
ghatikd, L 12 n, zlii. 23 n. 

eakra, iii. 12 n, uii. 2l n. 
foturaara, iii. 6 n. 
catnrynga, i. 15, lY n. 
eatushpada, ii. 69 n. 
candra, add. n. 3. 
eandmgrahanddliik&ira, iv. 20^. 
cnndradi^u, x 15 ii. 
earn, ii. 63 n, G8, ziv. 6o. 
mrakaldn, 310. 
ttarakhawfa, iii. 44 n. 
earajya, iii. 36 n. 
earadttfa, ii. 63 n. 
eata, ii. 40. * 

cqtu kanui, ii. 42 n. 
cdW, add. a. 16. 
ciifd, 190. 

ekandtu, zii. 15. 
chAdakn, iv. 9 n. 
chtidya, iv. 9 n. 
ehlyti, iii. 6ii. 
eludn, iii. 35, v. 7. 
chfdyaka, vi. 1 n. 

0 

jauiLudri/ia, xii. 44n. 
jayin, vii. 21. 
jita, vii. 20. 
jiva, n«ld. n. 3. 
jiod, ii. 27 n. 
jna, nild. ii. 3. 
jyd, ii. 27 n, add. n. 16. 

Jydpinila, ii. 27 n. 
jydpindaka, ii. 31. 
jytirdha. ii. 27 ii. 
jytirtl/iapindn, ii. 16. 
jyashlhii, 192. ^ 

jyntia/iupaniAadadhydya, xiii. 3 n, 
jyotia, i. 3 n. 

%i<, xii. 12. 
tiUpara, i. li^n. 
tawaa, vK 11. 
taf/ttgndmvaa, ix. 11. 
tdjika, vii. 23. 
tflrakd, lard, vii. In, viii. 16,19, xii.43:1 
<drdj|rmAa, vii. 1 n. 
tigmdnfu, add. n. 3. _ 

titlii, i. 18, ii. e6n.^l/.|X 
tilhikikaya, i. 40 n. 
tithyanUi, v. 13n. 

<imt, iii. 5 n. 
tiryakitiitra, x. 15 n. 
tiryagyyd, xUL 13 n. 
tMya, 187. 
flitiAndnfH, add. n. 8. 


I tuid, i. 68 a 
I forai^, 191. 

I trinfat&rljrae, iii. 12n. 

trin^-nlkTiva*, iii. 12 n. 

Irikmia, iii. 34 n. 

trirntuhkarna, vii. 14 n. 

trijivd, ii. 60 a. 

trijyd, ii. 60 n. 

tripragmtdhikdra, ii. 69 n. 

trihhnjivd, -jyd, -mdurvikd, iL 60 n. 

tribkonalayun, v. 1 n. 

trvti, i. 12 n. 

i)'etu yaga, i. 17 n. 

vi. 12n.| 

I dak-hiiidyonu, iii. 12 n. 

I duijdii, I. 12n, 60 n. 
dasru, viii. 9. 
flinakarit, add. n. 3. * 
divari'ii, i. 28 ii, 51 n. 
i dhtanydaadala, ii. 60 n. 

dhukura, add. n. 3. 
j die,' ii. 69 ii, v. 2. 
drkkarmau, vii. 12 n.' 

■ drkkdt^pa, V. 6n. 

drkhdyntd, vii. 18n. 
drktufyn vlr.. xu 8 n, 

1 drgyuti, v. 6ii. 
j drayalijifti, v. 7. 

i drpjyd, V. 6 n. 

j dnjltnubaitn, v. 1 n: 

^n/riita, v. In. 
j drf, ii. 14, iii. 34n, V. On. 
drryunriin. ix 5 n. 
df'v/, ii. 09 II, V. 2. 
derdiUam, i. 01 n. 
dtWutlaraphala, ii. 39 n, 290. 
dairata, ii. 10. 
doiyyd, ii. 48. 
don, ii 30 n, add. n. 16. 

■ dyvgana, i. 51 n. 
dyujyn, ii. 60 n. 
th'tipara ynga, i. 17 n. 
dtiisvah/idva, xiv. 4. 

I dvipa, xii. 44 n. 

dknna, ii. 5 n. 
dkinii‘ 1 , 196. 

dhatiiafdhd, 106. ^ 

dkn7tn<, i.58n, 60n, xiii. 21 n, add.&.lB. 
dhis/myi , viii. 1 ii, xi. 21. 
dtirni'a, i. 07, viii. In. * 

dhruvaka. viii. In. * 

dhruvolarti, xii. 43. 

nakahiUra, 207. . . 

itnkuhalraymhaytayadhikdira, viiL In. 
untn, iii. 15, 17 ii. 

natajyd, iv. 25 n. * 

nalabhdgdt. iii. 17. 
natdnpda, iii. 21. ' 

ii notf, V. 1 n. ^ 
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nara, xiil. n. 
nara^anira, xiii. 24. 
ndka/intra, x. 5 ii. 
fnipa, iiv (>7, (iO ii, xii. 33. 
vtitfi, i. 1 ‘J II. xiii. 23 n. 
niU/ikri, i. 12 n, xiii. 28 0. 
ftimilnna,\v. ITn. 
nimenAa, i. I2,ii. 
nirakitha, xii. 44 n. 
nirfli, 1U3. 
ni^»iara, add. n. 3. 
nifdpali, ndil. n. 3. 
niahtyd, 191. 

pakitha, ii. GO n. . 
pada, ii. *29, viii. 6,197. 
para, i. 21 n. 
paraata, i. 70 n. 
paramakrdiili. -jyd, ii. 28 n. 
pariiinnnii, i. l‘2ii. 
paramap’jkrauia, ii. 28 n. 
pnram «»»»», i. *21 n. 
pardnUm, i. 21 li. 
pariMi, ii. 3Sii. 
parilekha, vi. 1 ii. 
parilekh-idhikitra, vi. 1 n. 
pari/ankn. ISO. 
parvan, i>r. Bn, xiv. 16ii. 
parvan-idwm, iv. 8n. 
parvochttidi/nn, v. .3. . 
pareuiila, xir. IG n. 
pala. i. 12n, xiii. 23 n. 
palubhu, iii. 1.? n. 
pafcdl. vi. 12 n. 
pdta. i. 3.?, xi. 5 n. 
p&lddhik irn, xi. 5 n. 
puliila, xii. 33. 
pddina, i. 23 ii. 
prh'tvi'ini, xiii^po. 
piwla, ii. 
pilaratt, 188. 
pitrya, viii. ML 
pnuaroaau, 186. 
puriiidia, xii. 12. 
pmhya, 187. 

purnmnu, puenhna, ii. 6A n. 
pilrnimiinia, xiv. 16 n. 
pt>riKt, 189. 

jmren khanda, xi. 23 n. 
pdskaii, I'jii. 
pr*ktha, v. 1 n. 
pditrMimditi, ii GGn. 
pdnshnya, xi. 21. 
pmkrii. xii. 13. 
prayraha, iv. Ion. 
prm/rii/iana; v. 1G. 
pratMithnna, add. n. 26. 
prabhti, iii. 5 n. 
pramdM, v. 13. 
pravaha, ii. 3. 
proffut, 275. 

^rdeif iv. 25 o, add. n. 28. 


)' jirdiic;, vi. IS n. 

' jird^n, i. 12n. 
proi^htha, 197. 
proshtbapadd, 197. 

j phaht, iii. 34 n. 

phalyuvi, 189. , 

^ phafynni, 189. 

, baht, vii. 20. 
hali, 192. 
balin. vii. 21. 
bdrhni-palya, viii. 18. 
biirhaipatya mdtia, i, 66 n. 
bdhii, li. 31111, add. n. 16, ‘26. 
h,ihnjyti, ii. ;J0. 

6>fAir/i/ii(/a, ii. 39n. 
j fdjit, i. 9 II. 34 II. 

; hndha, ilfld. II. 3. 

' brhaspnn, add. n. 3. 

I' bfahniau. xii. 12. 

! fira/iaiuJirdnyn, vtii. 12 n. 

i hfia. i. 27 II, iii. 12 n. 

bbiiytiiiii, i. ‘27 n, ii. 1, xii. 6. 

I bbiirnki'fi, ii. 46. 

! bbiulrti, I'.'T. 

i- bb'idnijuid I 197. 

/■/f r. 1 -S 1. 

! • f./iaytiid/u. xi. 21 n. 

hfi-'', iii". .‘j II. 
fih.iyii, i 2.'4 II. 

J_ fifiiith'iifinil'i, 197. 

’ j b/i lint, aild. II. 3. 

fdithfiin'i', ii'l'l. n. 3. 

■' hlt^iifk-trn, a M. ii. 3. 

■; lihiikfiiniiriit, iii. <19 U. 

Ii/ii'kfi. i. 27 II. 

Idt'ii, i. 27 II. 

fi/ii'/ii, ii. 3<iii, iii. 6 n, mid. n. 16. 

I '.'i.j/.f/■</.; ii. 30 II, ii'ld. n. 1G. 

1' /./* *»^<»J/.iiiy*Aii/»i, 11. 39 II. 

I b/iiijiiphii/ii, ii. 39 n. 

j f:'ii/Jitx iii. 6. 

!■ bUiii/'iht. .:ii. 32. 

bhiif/nhiilliyiiya. xi. 23 n. 
bb-i/iHlru. adil. II. 3. 
b/fib/i'ir/'ihr, .\iii. 3 11. 
bhiiiiiiijtAn, xiii. 3 ri. 
bhinikipiilrn, iuM ri. 3. 
bhitxiUn, add. ii. 3. 

I I hhrifu, add. II. 3. I 

bhrflHfa, mill. n. 3. 
bhriki, vii. IS. 
hhitga, ii. 64. . 

MtoyydtsavaK, iii. 49 n. 
btMumOt adii. ii. 3. 

I Utraiwuna, xii. 76. 

makara, i. 68 n. 
tnnghd, 188. 
madea, 189. 
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jna^ala, X. IS n, si. 18 n, n. 76. 
mtUnfo, iii. Sn. 
madhya, i. 70 n. xiii. 16 n. 
madhi/akarna, iii. 23 n. * 
madhyaffrakana, v. 18 o. * 
fnadkyajyd, ▼. 6 n. 
mndhynjtdta, si. 6 n. 
fnadhyabha, v. 1. 
tnaiihjfatna, xiii. 14. 
madkyamddkikdra, i. 70 n. 
nuuthyarekh^ i. 62n. . 

madhiftdagtiM, iii. 43n, xiiL IS B. 
madhjfa»tAityardka, t. 18 n. 
nuulhjfdhna, z. 8 n. 
madhye, x\v. ti. 
manu, L 19 n. 

maiu^, ii. 6 n, 12, add. n. 8. 
mandakarmau, vii. 16 n. 
mandnkendra, ii. 30 n. 

Biawcfafara, ii. 12. 
mandapnridhi, ii. 34. 
mandnphala, ii. 44., 
tnjhidocea. i. 34 n. 
tmnvanlara, i. 19 n. 
mnhnrtihi, i. 8. xli. 35. • 
mahabhiiia, xii. 23. 
mahaytiga, i. 17 n. 
makdfaHktt, add. n. 21. 
mdna, iv. 3 ii. xiv. 'S D. 
mnnmlhyfiya, xiv. 2 n. 
mdntbi kttrman, ii. 48. 
nffttnUt phala, ii. 89. 
md/tha, xiii. 28 o. 
mitrn, 192. 
milkutut, i. 68 n. 
mina, i. 68 n. , 

minkha. xiv. 6 n. 
mukhya, i. 13 n. 
ntHhurta,i. 12d. 
murta, i. 10 n. 
mtila, 193. 
mrgn, i. 58 n. 
mrffavydtiha, viii. 120. 
mrgofira*, 186. 
mrgafiritha, 185. 
midaka, vii. 1 n. 
i. 68 ii. 

mditra, viii. 18t 
moknhtt, iv. 15 n. 
mdurrikd, ii. 27 n. 

yaJ4nMhi. siL 17. 
ynntra, xiii. 19. 
yatdkii, xiii. 21 n. 

ydMj^tarai-rtta, iv. 25 B, xiii. 16 D* 

yug^ i. 17 n, 68 d. 

yugma, ii. 30. 

yu/t, vii. 1 n. 

yiidi/Aa.vii. I n. 

yaga, ii. 66 n, vii. 1 o, add. n. 19. 
yngatdrd, 179. ^ 
yogatdrakd, viii. 19. 
yofana, L 60 o. 



ronAM, ii. 8 n. 
ran, add. n. 3. 
rdkjiaiia, i. 62. 
rdfi, L 28 n. 
rdhu, iL 8 n. 
rekkti, i. 61 n. 
renugarbha, xiii. 22 n. 
mail, 199. 
roAini. 165. 
roMdrarkhka, ix: 14. 

lagna, iii..4S, 49 n. 
lagndHiaraprdnda, is. 6. 
lagndniardsavan. X. 2 . 
lagnd»avaii, iii. 47. 
lankodayda, xiii. 14. 
lankadaydaava/a, iii. 49 n. 
lamh, i. 27 n, iiL 12 n.' 
lamba, i. 60 n. 
lambajyd, i. 60. 
lamhana, v. 1 n. 
liptd. i. 28 n. 
liptikd, i. 28 n. 
iubdhaka, viii. 12 o. 
jtfAa, xiii lOn. 

m 

vakra, ii. 12. 
vakragati, viii 16. 
vakrin, ii. 54. 
var^hrn, xii. 44 n. 
valana, iv. 26 n. 
vedandufda, iv. 26 n. 

192. ' 
v<MM. 186. 
vattlra, xiii. 16. 
vdyana, viii. 19 fl. 
vdro. i. 62 n. 
vdr«Aa. i. 23 n. 
rdmva, ix. 18. 
vikat^ i. 28. vii. 10. 
vikukip, i. 70 ii, viii. 12. 
vikM/ifpa, 1. 70 n. 
vigraha, vii. 22. 
virfidu, 193. 
vijita, vii. 21. 
vitiisti. iii. 5 n. 
viJif, iii. 32. 
vidyddhara, xii. 31 n. 
vidif't, aiid. n. 8. 
vidAritt,'vidkfti, zi. 6 q. 
aidhi'iinhi, vii. 21. 
vinddi. i. 12 n. 
viparib , xi. 6 n, xiL 72 o. 
vimartb-, iv. ]6n. 
vivanvaHt, add. n. 3. 
vifdkhd, 191. 194. 
vicve deedi^ 194. 
viMhama, ii. SO. • 

viahava, l•iHAullaf. iii. 6 B. 
vinhuuntprahhd, iii. 18. 
viHkuuadhkd, iii. 7. 
vvAuttadnftta, iii. 6 n. 
viahuvatunandala, iii. 6 o. 
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SCLTya-SiddJi&nkL, 


vija, i. 34 n. 

VTlla. ii. 33 ii. 
w^ddhi, xii. 12 n. 

.vrfrtiba, i. S8 n. 
vriAon, i. 68 D. 
vtffOj ii. 11 n. 
xii. 2.7. 

veddtiffa, i. 8 n. 
vdu^rta, vdidhrti, xi. 6 n. 
vdifva, Tiii. 4. 

HtJiAinati, xiii. 9. 
vdit^nam, ix. 18. 
vyoA-frAa, xii. 44 n. 
vyatipdta, xi. 6 n. 
vy^an, xii. 30. 

faht, Bilil. n. 12. 
fakuni, ii. 69 n. 
fanht. iii. 6 n, 84 n. 
fanhtjivd, iii. 22. 
tatabhi*hnj, -»h}, 197. 
fani. adO. n. 3.. 
fandirrqra, add. n. 3. 
fajii/d, 189. 

[artf, ndd. n. 16. 
fttfiinka, ndd. ii. 3. 
fofija, ndd. n. 3. 
fflfin, .ndd. n. 3. 
fdta, -ndd. n. ] 2. 
fikkin, 216 mirp, 

Ciffkra. i. 34 n, ii. 12. 
figbrakannan. il. 37. 

^figkrakendra, ii. 30 n. 

'iflkratam, ii. 12. 
figbrnparid/U. ii. .65. 
fighraphata, ii, 44. 
figkroeea, ii. 6 n. 

fUagu, fUaduIhiti, fUdnfu, add. n. 3. 

fukra, add. ii. 3. 

pdifa, X. 4, 9. 

fukla pdk»ba, i. 61 D. , 

pJba, xiii. 22. 

frttga, x. 1 n. 

trngdfa, 196. 

frngnnnatgadhikdrat x. 1 n. ^ 
fCJiAo. iii. 61 n. 
fdighrya, ii. 42, 43. 
fniva, hi 26, iv. 21 n. 
pramna. iv. 21 q, 196. 
fpravUhthA, 196. 
pnnd, i96. 

•hadafitimvkkii, xiv. 6 n. 

Tii. 1 n. 

tamvat, tamvotaara, add. n. 12. 
aaiuArdra, 810. 


«anM4u, Til 23 n, add. D/1. 
laukramana, xiv. 10 n. 
atinknhiti, xiv. 3 n. 
aod&iimra, vi. 23. 
landbipX. 22 n. 

Munihitam laraa, i. 62 n. 
aaptamhagaa, xiii. 9. 
fama, ii. 12, iv. 26 n. 
aamamandaHay iii. 6 n. 
attmamnnMafapku, iii 34 n. 
ramoaikra, xiv. 1 n. 

•amdgamo, vii. 1 n, 20, 22. 
aamdua, vi. 8. 

Mraa, i. 62 D. 
aarpiis, 188. 
aavana, xiv. 19 n. 
fdvitar, xii. 28 ii, add. n. 3. 
aavgam, xii. 12 ii. 
atimAiii, xii. 17. 
admpriiihfffika, vii. 14 n. 
adgniui, 295. 

' anrjtn, viii. 19. • 

I advinia, i. 12, xiv. 19 n. 

Riii/in, i. 5H n. 
i aitbUin, xii. ft. 

I aublfidnta, iuld. n. I. 

I aidhgu, 187. 
turn, xii. 41. 
adei, iv. 6 n, 
adtrn, xiii. 22 n. , 
aurgti, adil. n. 3. 
aAfgntp-nhandJhikdra, iv. 26 n. 

I aiirgiilaimga, ndd. n. 3. 

I aiirga^irna. x. 15 n. 

\ aomn, add. n. 3. 

I admitym, viii. 16, ndd. n. 3. 
adura, i. I.'!, xiv. 3 □. 

iv. 15 n. 
afbirn, xiv, 6 n. 
athii/n. viii 19. 
apnrpi. 'v. 15 n. 
apnabta, ii. 58. 
apitabt/uibikdra, i. 10 n. 

- apbiUa, i. 60. 

! aphnlnathitgnrdJm, v. 17 n. 

; apbntikarantt, ii. 14. 

arotfU, xii. 26. 

! audti, avdli, 191. * 

batya, v. ^n. 

■ baa/n, i. 60 n, 190. 

I bdui, xii. 72 n. 

himadidhiti, hinuLrapni, Aimdufai, add 
n. 3. 

hirm^j/agarbbn, xii. 16. 
htitMyj, vni. 12 d. 

I Aord, xii. 19 n. 



GENERAL INDEX 


Tlic rcfurcnrca arc ns iu tlic prcccdint; Index. 


Abhijit, 22nd RstciiBm—identification etc.,|; Annrfidhd, ITth asteriim—idenUfieation 
105; omission from tlie series, 208-1U.|; eta, 103. 

Abu-r-Kailiiin, sec al-llirdiit.* , Aouvulsnra, 4tli ycur of lustrum, xiv. 17 n. 

Afkislifl, Olh astcriiin—identification etc., A|)Aiiiv:ilsa, naiuu of star Virginia), viii. 

188; its last quarter unlucky, xil 21.' |. ,21. 

A(viiia, 6lh or 7th luuiitli—i. 51 ii, xiv. 3 n,| Apas. nnnic of star (A Virgiois), viu. 81. 

. lA n, i Aphelion, p. 15—sue Apsis. 

Ayvini, let astrrunn—identification etc.,| Ajiogec, p. 15—see Aiisia.. 

183. , A])|Kirent hnigitiKle, vii. 13 n; term hoir 

Afviiis, divinilieH of Ist asterisni, 183. ! U'^ed hy Uiileliruuke, viii. J| n. , 

Atliti, diviiiily of 7th nsterisni, 187. j Apsis—term how enipluyed in this work, 
A'liVa, 187 etc., xii. 28 n. |. p. 15: iifisides of the ]iIanvlH, mode of 

■Alim, i. 10; day of Uruhina, i. 20; names:| aeti(iii,ii. 1-6 ;rrvolnti»ns.i.-ll-43;how 
of past and current, i. 23 n. !’ devised, i. 44 ii; positions, acc. to dif- 

Agiustyii, iiaiiie of star (C;'icipus), viii. 10.'| fereiit niillioritieH, i. 44 n; compared 
Age—(ireat Age, or (liiadru^'i Ago, bow-i witli I'tuleiny's, adil. n. II. 
conipised,!. 15-17; Uiildeii,{silver, lira-]; For nioon's iipsis sue Moon. 
jteii,aiid li-ciii Ages,j. 17 II; quarter-Agi'.i'Arab astndogy, couuecUoii witli Hindu, 
^nruper ihtumI of tliis treatise, ]>. 16. |! vii. 23 n. 

Agiii—divinity of :iil aftterisiii, 184 ; with Arab use of sines, later than Hindu, p.56. 
liltlra, divinity of liith asU-rUiii, 101 ; Arab lunar mansions, 18U; identified and 
name of star (J Tauri), viii. 11. uoinpiiivd with Hindu and Chinese, 183- 

Alliatugnius, Anib inventor of sines, p. SO.' 200; eharacter and origin of system, 
ul-Jlirdiii—visit to Iiidiii, luid notices of' 203 etc.; stellar chart illustrating, add. 
Hindu astronomy, i. 3n, Uii; ideiiiifica-' ii. 27. 

tioii and doscripliou of the asterisms, Arc—nagics of, and of its functions, add. 
181 etc., 208. _ 1 ). 16: part of arc delcrniiiiing sine, ii. 

['Fur otlier Aniliic mimes comracnciiigi 80; to tlnd arc uf a given sine, ii. 33. 
with the article, site the initial letter of, Ardril. Atli asterism—iduiilificaliun etc., 
the word liillowiiig the iirlicic.j ■' 186, odil. ii. 26. 

AUilude, sine of—naiiie, 114, add. n. 21;'Aritiillnry sphere—conotriictiuii, equip- 
liow calculated, iii. 28-34,3-1-36,37-38:' inuiit, and revolulioii of, xiii. 1-20; its 
iiistrumeiit fur taking altitude, xiiL 21 ii. J use, and ruiiiparisun vvitli ihnsu of other 
Altitude ill time, iii. 30, iv. 26. nations, xiii. 3 n; its adiiptation to ob- 

Aniplilude, sun’s at horizon—sine of, lii.!' serviiig- jiolar lougitndo and latitude, 
27: measure of, on tho dial, iii. 7; itS'’ viii. 12 ii. 

Voiistiirit ratio Vi hypoth. of shadow, iii. .^ryabliiitUi—his perioil and writings, add. 

7 II; how calculated, iii. 22-23, 27-28. j ii. I ; references to his doctrines, i. 27 n, 
Anifla, name of a yoga, luA. ii. 10. I i. 60 ii, add. n. 18—see Arya-SulilliAfta, 
Aiiala, 24lh year of .In|)iler’s cyi'le, i. 65 n. ' Liighu-Arya-Sii' '!i-'mta, AryiUlitiij^ata, 
Amuiiia—22iid year of Jupiter's cycle, i. | Uavagi ika. 

55 n; iiaiiie of a yoga, mid. ii. 10. 'Aryiihliiitui, commentator on the Sdrya- 
Angirtis,40tliyearof Jiipiter'scycle. i.65n.! ttidilliAi m, add. n. 2. 

Angle, a quantity not uiiipluyed iu Hindu jAryainaii, divinity of lllh or 12lh aater- 
aatronoiiiy, 115. | ism, 100. 

Auomnlistic revolutions of planets, p.63 .AryAshtogata, treatise by Aryabhat^ add. 
Aiioiiiiily, mean—Dame,ii. 20; how reck- 1 n. 1. 

oneil, ii? 20 it. -Arya-SiddhAiitn, add. n. 1: ritaiiona of its 

Anqiietil du Perron, notice of the PArsi [ teachings, p. 24, i. 44 n, add. n. 6. 

asterisms etc., ISO. jAsoensipiv^ee Right BBcension and Ob* 

Antipodes, Hindu view of, xii. 51-68. i' lique asccnaion. 



344 i^rya-i^ddhdnta, 

AKemioDil difference, bov calcalatediiL Atignil^dii, Ath 7 *^ ii. 6 Bn. 

61-A2. iil'Auwn*, IHUi maniU, 190. 

AMMuiunnl equivalents—see Right ascen- Avaiiti, name of Ujja 7 tnl, i. 62. 

aiiiii nnd Oblique a-'ceiwinn. lAyin-Akbari—tirbita of the planets, ai 

Asbudlifl, SOthiiiid 2l8lasteriama—idcnli- given by, 265 note; tleacriptitm of iii- 

ficatimi etc., 194. atrument fur measuring time, xiii. 23 n. 

Ash&dliA, Srd or 4tb month, L filn, xiv. Ayuahuiont, 8 rd yoga, ii. eSn. 

3u, ISn. 

Aapecta, unriivorablo, of aun and moon, nahudhanya, 46th year of Jupitei'a'eycle, 
when of like declination, xi. i. 66 n. 

Aaterirtma—Hindu nmne for, 207; how to Oiully—Ida views of Hindu natnmnmT, 
Iw’translatvd, 207, add. n. 23: their por- iiitrod. n., 328; mean poaitiona of the 
tions, or divisions of the ecliptic belong- phinets at Beg. of Iron Age, p. 18: other 

■ ing to them, ii. 64,170, 207: tlieir junc- referencea to his work*, p. 74, 289. 
tioii-stiira, 170; time and motive of se-j IMInva, Srd etc. kam^ ii. 09 n. 
l^ioii, 207; names, add, n. 19: Riton-{al-Baldah, 21 st manzi/, 105. 
tioii in each group, viii. 16-19; mmie of jlkinij, 7th etc. kamtjui, ii 69 n. # 

definition of jiioMtiun, viii. In; defined Ihisu of a right-ungled triangle, ii. 80 n, 
poRitions, viii. 2-9; illustrative figure, | add. n. 16. 

178; cKacerduncc of nntluirities, IS-.!; Ikuw-aine 3 =ainc, ii. 30n, ndd. a 16. 
errors Ilf position examined, aiul time of jUase of the'giiumon-bhaduw, iii. 5 n, 23- 
definitinn deduceil, 211; mode of nli-1 2S'. v 

wrvationof positions, viii. 12 n; dptniled Rntn al-Hflt, 28(h mansil, 109. \ 

identification, of the groups nnd their jlhiva, 2 iid etc. knrnpa, ii. 60 n. 
jiinction-stars, wiUi statemeht of names. jUentley, iiilnid. note; liU views of Hindu 
aymbols, divinities, defined piwitioiis,j| nstronoinical literature, i. 3 11 , p. 24; 
etc., comparison with Arab tAAndzt/i' method of detcriiiiiiing the asm of a Sid- 
alkamar anA diiiiese siVm, 183-200;! dbfinta, p. 20; B|iplied to SOiyu-SidillAn- 
Odditionnl synonyms of mimes, add, n.i to, ami conclusnin ilniwii, p. 21 ; criti- 
26; inability of later Hjndu-i to ]iuiiu cisni of his method and results, p. 22 etc.; 
tiieni out, 181; nl-BirQiii’a inrorimition general estimate of his lubnn, p. 24^, add. 
respecting, tliein, 181 etc., 208, 209; n. 8 : his view of Hindu precession. HH; 

conspeetua of correspondences of tbel of iisterUms, 194; oilier dtulioiis from 
three' syAtanu, 200; btcllnr map illus- and references to Ids works, p. 18,19,28, 
tniting their relations, mid. n. 27; Ui- 74, 103, odd. n. 1, 4, 6 , 8 , 826. 
ot'a viewa of their origin and connec- Dhndrfi 9 va, name of a climb, xii. 38. 
lion, 201 etc.; age of the system in In- iBlifldrHjmd 6 . 26th and 27th nsterisms— 
dia, 203; discuRfeiou of its cimmeter, iUoniiflcation etc., 197, add. n. 26. 
connections, and origin. 203 etc.; trans- Dlifidnipada, 6 th or 6 th month, i. 61 u, xiv. 
fer of first rank from Krttik,'! to A 9 vinl, 3 n, 16 n. 

206; relation to the muon, 208, add. n Bliaga, divinity of 11th or 12th osterism, 
28; variation in number, and omission 190. 

of AUiijit, 208. Blurai.!, 2nd osterism—identification etc.. 

Conjunction of planets with astcriHms. 134.‘ 

viii. 14, 16; systems of yogas finindeii Diulruta, name of a dime, containiiwln- 
upon, 212, add. n. 19; heliiusil settiiiL's, dio, xii. 89. 

12-13, 17-18; orbit aod revolution, Bhasliora, odd. ml—seeSiddhAnta-Ciro- 
xii. 73, 80, 90n. inapi. 

At^nikigy--genera]|y treated in distinct BhAvn, 42ndylBnrof Jupiter^st^ele, L 66 n, 
worKs, viL 83 d; titles of astrological Uhoja-fiiddluliitn, add. n. 1. 
works:. viL 83 11 ; connection of Hindu Blirgya (I Vrsliyal) 49 th year of Ju|fi- 
wilh Greek and Arab, vii. 83 n: astro tei^s cycle, L 66 n. 
logical import of conjunctions of plan- BhQdlinru, commentator on S 6 rya-Sid- 
ets, vii. 18-23; uf splitting of lloiii^dV dbilnta, add. n. 2. 
wain, viii, 18 n: of equality of declina- Bija, eonection of mean motions of plan- 
tion of Kun and moon, xi; of aun a «n- eta, p. 19 etc., i 9n; table of mean mo* 
trance into a aijro, xiv. 11 . tioiia as so correeteJ, p. 20 , add. n. 7 . 

Aatronomy—see Greek astronomy, Hindu Biot—hia views of origin and nistory of 
oatroDomy. diineae sicu, 181,201 etc.; of Hindu aa- 

Aatnnomical literature of Hindui, lum- terisma, 206 etc.; of umiwion of Abhiiit, 
maiy view of, add. n. 1 . 208; of Hindu sinei, add. n. 16; other 
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refrrencn to and citations from hu 
vorto, i. 44 A, i. 57 n, 116, add. n. 10, 
n. 18,27,28,2«. 

Brahraa--ilfty of, i. 20; lengtWofhw life, 
i. 21; time of, xiv. 21: divinity of 22nti 
aateriHm, 106: name of star (o Auriga:), 
viii. 21 n: 25tli yoea, ii. 66 n. 
Braliiiiagupta, i. 3 ii, auii. n. 1—sec Brahma- 
apliu^-Siddlifliitn and Klia^da KnUika. 
Bniliinalirdiiya, name of star (CapelU), 
viiL 11-12. U 

Brahma-SuldhAntii^ add. n. 1, G. 
Brahmii-sphute-Siddlifinln, add n. 1; it* 
ayxteni, how different from SOrya-Sid- 
dliGiitii, aild. n. 6: referciirjw to its due- 
trines, i. Bn, 40ii, 60n, 102, 162 etc., 
viii. 12 II, aild. ii. 18. 

Brlinapati, divinity of 6th naterism, 18*7. 
Brhnapnti-Siildliiiiiia, mid. ii. 1. 

Budliiivflni, W ediiexdny, i. 62 n. 
al-HiiIa', 23rd manzil, 106. 
a]-Bu!aiii, 2nd manzil, 184. 

(^abHnknlpndrumu—its list of SiddhUntas, 

ndil. II. 1. * 

Cuitrn, 12tli or 1st month, i. 61 n, xiv. 3 n, 
1611. 

^Okulyn-SnnhitA, add. n. 1: references to. 
181, 182 etc., 213, 217, 218, add. n. 6, 
etc. 

f/iikuai, 58th kamnn, i. 69 n. 
t^luiiilnr, i<ki‘Lch of a Hindu, for the year 
1830-60, i. 51 n. 
t^AlivAliiiaa, urn of, add. n. 12. 
tj'iiiiivilrA, Saturday, i. 32 n. 

Csini, iiHUie of a yoKU. »dd. n. 10. 

(,!iirad, autumn, xiv. lOn, 16 n. 

I'anliiiiil diructiuiiH, names of, vi. 12 n, 
Oiirvari, 8tli year of Jiipitur’a cycle, i. 65 n. 
Yatidilii.sliaj, 25th asterisin—identification 
etc., 107. 

Catiiolipiuln, 60th knmna, ii. 60 n. 

C'eiitnil ccliplic-poiiit, ▼. 1 n; sines of its 
altitude and zeiiitli-distance, v. 6-6. 
Cliaiuf, 0th zieti, 190. 

Cl^ttrii, name of a yoga, add. n. 10. 

CIre, 21 th siA, 199. 

Chill,*! 1 til sieu, 100. 

Ohiiieve astronomy and divisfon of the 
huavens—see Sien. 

Chord of on arc, p. 67, xiii. 13 n, add. n. 16. 
Chruiiological cycles, L 16-21; eras, add. 
n. 12. 

igira, cool soas»n,.xiv, 10 n, 16 n. 
ircle—nnmis, ii. 33 n; divisions of, i. 28; 
ratio of diaiu. t» circumf., i. 60 n, p.67. 
CitrG, 14lh asterisui—kiuBtificalion eta. 
100 . 

OitmbhAnu, 60th year of Jupiter'a cycle, 
i. 66 n. 

g ivo. 20th yoga, ii. 66 n. 
ivU time, day—see Tizne, Day. 


^oks, common Hindo veree, Intrad. n. 
yolihnna—1 Ith year of Jnpiter'a cycle, i. 
86n; 6th yoga, ii. 66n, 

i Co-iatitwW, terrwtrial—name,L 60 nyhovr 
j found, iii. 13-14,14-17. 

[Colelironke, intriid. n.: his atatement of 
the systems of yogas, ii. 65, add. n. 19; 
identification etc. of the nsterisms, 180 
eta; infurmation as to astronomical lit* 
craturc, add. n. 1: other refcrenrcs'to 
and citations from liis vorks, 1. 27 n, 
p. 23,80,101 etc., viii.ln, 10-12n,12n, 
19 n, 21 II, xiiL 3 n, 6 n, xiv. 16 n, a%l. 
n. 2, 6. 10, 18. 

lulor »f moon when eclipsed, vi. 28. 
Cummututiiin, meiin—name, ii. 20 n; hofw 
reckoned, ii. 20 n. 

Conjiinctiiin of a planet—term hov em¬ 
ployed ill this wurk, p. 24; mode of ac¬ 
tion on the. planet, ii. 1-6; revolations, 
i. 20-32; orbits, xii. 86-86. 

Conjunction and opposition of sun and 
moon, common name of, iv. 8 n: true and 
apparent conjunction, names uf, v. 13 n. • 
Conjunction of planets'with one. another, 
vii; with ustcrisms, viii. 14-15; nanfe, 
general, vii. 1 n; particular, astrological, 
vii. 18-20, 22: coiijunctiuii viewed as 
' taki^ pliu-e onssccundary to prime 
vertical, vii. 6n: time and ptneo how- 
calciilatcd, vii. 2-11; illustrative ub- 
servatiiHis of conjunctions, vii. 16-18. 
Contact of disks, or disk end shadow, in 
eclipses, iv. ISn; time of first and ^t 
contact how determined, iv. 16. 

Cosine—not distinctly rcco^niied, p. 66, ii. 
30 u; term corresponding to, li. 30 n, 
add. n. 16; part of arc detcruiining co- 
I sine, ii. 30. 

Cosniugony, development of creation, xiL 
10-28. 

9nivnna, 23rd asterism-JuieDtification eta, 
196,' add. n. 26. 

CrAvnj,ui, 4tli or 5tb month, i. 61 n,^r. 

3 11 , 16 n. * 

Pmvishlliil, 24tli asterism—identification 
etc., 106. 

Creation, time spent by the Deity in, i 
24; as given by other treatises, 1 44ii; 
reason uf tliis allowance, IB. 

^ridliarri, nitio of dhini. to circumf. accord¬ 
ing to, i 60 n. 

yrfiiiuklm, list year of Jnpiter’s cyde, i. 
65 n. 

ptishcQA, author of Romaka-SiddliAiita, 

|dd. II. 1. 

rfvntsa, nnmo of ayngn. add. n. 19. 
ubha—28rd yoga, iL65n; name of a 
yoga, add. n. 19. 

^liolukrt, 10th year of Jdpiter'a qrde, L 
65 n. 

Cubit, i. 60 n, iiL 6 n. 
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8^th year at Juplter'a cycle, LIIDegree of a circle, i. 28. 

68 d; 24 til yoga. ii. 05 ii. pelambre, refweneee to and citationa from 

Qnkni^a, Friday, i. 62 n. 1)» worka, introd. n., p. 66,66,106, Vii. 

Cdla,‘tttk yoga, ii. 65 ii. 14 n. odd. n. 16, n, 18. 

Ouapsof the moon<~namc, x. In.lB n-,|lDhfttar, 44th year uf doplter’a cycle, i. 
tlieir elevation calculated, x. 0-8; du-ll 66 n. 
lineiited, x 40-16. |ndli-Uliir.V, llli miinnl, 187. 

Cyclc'^f Hvo years, i. 58 n; nitmcH of its iDlifti, 8l1i yogii, ii. 66 n. 
ycaio, xiv. 17 n: of- sixty yciirH of ,:u|n- jUhrava, 12th yoga, ii. 66 n. 
ter, i. 65: of twelve years of Jupiter, DLdmra, niiine of ii yi^acld. n. 10. 
xiv. 17: their relation, xiv. 17 a: vaster Dhvaja, name of a yoga, odd. n. 10. 
chronological cycles, i. 15-21. OlivHiikslin, name ofayoga, add. ii, 10. 

- Dial, construction of, iii. 1-7. 

BcT-DalKirfln, 4thinfl*ict7,185.* jDiiimetcr, relation uf to circumference, i. 

DufagitikJ, tredtuc by Aryabh.-iltii, ndd.'| CO n, p. 57. 

u. 1. I Diffit, iii. 6 n; measure of the gnomon 

Duda niuVi, commentator on Silrya-Sid-jj id. 5n; cqiiivnleiil in iniiiul«>H, in pro- 
dli.liita, luld. n. 2. j ,i<’ctiiig uii cc'li|v<c, iv. 26; iiicaMuru of 

Daily motions of plancU etc., i. 25-27 ; of j tliu moon's ilisk in, iv. 11 n, x. 9 n. 
o^ual absolute aiiiouiit on each orliit,',Directions on tlic sphere, how reckoned, 
XII. 90 n: tables of mean daily uiotioiisi 167, vii. 6n: careiiiiil directions, vi. 
p. 17, 20, add. n. 5, 7; mean motions in!! 12 n. 

sidereal day, 201 : true daily niulion4,{ Diiirniil circle, radius of, how calciAifcd, 
. how calculated, ii. 47-51; cumparutive:j ii. 60. 1 

table of. for Jan. 1,1860, p. 87. I'Diindiibhi, 30th yAir of Jupiter's cycle, 

Davis, references to andcitiilioiis from his ! i. 55 ii. 
essays in Asiatic Itesearclics, inlriid. ii,.'!Duratiiin of nn eclipse, name of, iv. 16 n; 
p. 19, i. 55 n. p. 51,7-1, xiv. 16 n, 17 n,; how deteriiiined, iv. 12-15, v. 1,2-17. 
add. n. 17. 289, 291^ 311. i'Durmati, 2yth year uf Jupiter's cycle, i. 

Day—civil d.iy, how reckoned, i. 36, xiv.'| 55 n. 

18; number Ilf in an Age, i. 37; ravyiug iDurmukha, 4tb year of Jupiter's cy:lc, i. 
length ill different seasons, xii. 45-71:1 05 n. 
lunar day, i. 13; number uf in an Age, j 

L 37; its purtiui), ii. 04 ; current i.iic how‘Earth—form, position, and suiginrt, xii. 
determined, ii. 66: omilloil liiiiiir dayH, ! 32; ap|uireiit foriii, xii. 54; it> revolii- 
L S6; iiuinber of in an Age, i. 38; how ! tion taught by Aryabluit^, i. 27 n; di- 
.calculatcd fur a given period, i. 50: sid-; mentions, i. 59; centre and siirfarc, 
ereal ihay, xiv. 1.’^; its divisions, i. 11-j 
12; number of in aii Age, i. 31: solar' 
day, xiv. 3 ii: day uf the gods, i. I :i-] 4, [ 
xii. 46, 47-51,71, xiv. 2U; day of the. 


Fiitbuni, xii. 77 n, xiv. 14 ; day of I'ru- 


tcrnis fur, 142; poles, xii. 31-35; geo¬ 
graphical divi-iioiis, xii. 36-40; xuiies, 
xii. 59-69; cavities within it. xii. 33; 
iiieasure.nieiit by circlus uiid arcs nut ap¬ 
plied to, I. O.'i n. 


jApati, xiv. 21; day of llroliina, i. 20, Earlli's shadow, diameter how calculated, 
xiv. 21, iv. 4-5. 

Da^fa planet, i. 31, il 69; its dirisioas. Earth-sin.'', ii. 61. 

ii. 62-63. .iEiist and wext direction nn the sphere, 137. 

Day-mciisiirc, iii. 35 n. i-East and west hour-circle, ii86, xiii. llfii. 

Day-radiu« ii. 6U. _ Kast-|Hiint, 138, add. n. 2.7. 

D|y sine, ii. GO ii. ! Eccentric circle, uquivaluut to Hindu epi- 

Decliuiition—iiaiue, p. 46; reckoned as in' cycle uf Hp^ia, p. 64. 
the ecliptic, p. 46, vUi. 1 n; how calcu- 'Eccentricities of ]ihinetary orbits, cumpar- 
Lited, ii. 28 ; iiuw coiiibincil with hiti- j uLirc table of, p. 76. 
tbde, ii. 5.8; comp;irnlive table of, fur Eclijiscs—liaiiie, iv. (Sii; rides, applying 
Jan., I 1860. p. 87: how found byob-l to solar and luiiiir, iv; rules for jMiral- 
scrvaliuii, iii. J7-18. , j lax, a/ip^'iiig to wljir, v; pnijectiuus of 

Dccljimtiuii, equal, of the sun and moon— j tulipsun, vi; /iriini'ive tJieory of cause 
tiiiW how r.tlculalcd, and a^troh^iiuji of ocl/pse, iv, On; Jin; true theory, iv. 
influence, xi. ,, g -, occurrvnre of annular ecli^iio mi 

okvhiwa of it 

in-projection i.f i-iiUpitt, IV. 21-2:,-.I,., w .-bi.'i-. y,, p|ujci.tto|i of alt* 

fnijected, vi. 2-9. ^ 


■Vy-'Aniiwu tA cr\\yiV\c, tfciuv an unA' riinU>n\^\ei!lin\, x. Vlif. ca\cu\av 



Oeneral Index. 


xrai puint, T. 1 n: deflection from eoB^ IQoei, SiirA lieu, 107. • 

Rnd vuat direction at a given point, iv. Qraiia-LAgliava, add. n. I; Ka definition of 
24-25. poRition of the nstcriRmH, 182-198; <rf 

Elemrnt9,firc. xii.28. lixed8tflr!i,Tiii.l2D,21 n. 

Entrance of the sun into a sign, astrolog- Qfeok oatronoinj, relation of, to Hindu, 
ical character, xiv, 8,11. 327 etc.—eee rtoiemy. 

VI_S_I . ■■ «■ ■ m m mm m _ _ • i_ 


cyclo of npsin uqiiivalent to eccentric Qddlulrllmprakflfaka, ni^e of Ilanganlll> 
orbit,p,61: relative dimunsionfl of or bitH thn’s commentary on the Sfliya-Ski* 

deduced from epicycles of cunjuiiclion, dliiinta, inlroil. n, 
p. 76; comparison of Greek and Plindu QuruvAra, Thursday, i. 62 n. 
systemH, p. 74; Greek origin of the 

method, 329. jal-llRk'nh. 5th niimiii/, 180. 

fcquntioiiof the centre—how calrulatcd,|Inftll, F. E.—his ofliiion of SQrya;SiddliiB- 
Ji. 39; rtoleiny’s mellioil, for snn iiinl.| tn. introd. n, add. n 1. 
mwm, p. 67; for other planets, p. 78 ■.■.al-Han’nh, 6th mamil, 186. 
lio* applied, with nnnual equation, in Harshnun, 14th yoga, ii. 6.7 n. 
fiiHing tree jdaces of lesser planets, ii.j Hastn, isth astorism—ideiitificatifln etc., 
43 - i 5; eorapnrulivo table of value when| j 

greatest, p. 7ft. | Homaianiba, 5lli year of 'JiipiteFs cycTe, 

E<|uation of the orl), or anininl pquation—j j, 55 
how found, ii. 40-42 ; I'toleniy’s nietli-. Hcnianta, winter, xiv. 10 n, 16 n. 
oil, p. 7.7: how applied, with cquationJudnispiicrc—iinmc, v. 17 n; eastern and 
of i*cntri', ii. 43-45. ij western, of heavens, v. 17 n; northern 


Etpiator, tcrrcstriiil, 218, 


10-11, 16: of a.slcrisms, ix. IS-17; ns- 


Equiiioctial shadow', iii. 7, 12-1.1; how j terisins which iieVcr set Iwliacally, ix. 

found from latitude, iii. 17. j m; „f moon, x. 1. 

Equinox, iii. 611: precession of—see astronomy, discussion of its origin. 


ceienon. I age, and relation to tlio Greek, add. 

Eras ill practical use among Iliiidus, add.| 30, 

n. 12. _ __ ilH'u, 22nd sim, 197. 

Ethe.r, fifth element, xii.23; orbit of, xii. iHuisiington, U. R.—his Oriental Astrono- 
80.81,90. I iner cited, introd. n., ii. 13 n, p. 74. 

Evccliun, nut noticed by Hindus, p. C7. iHoriaun, iii. 4911. 

if lour—name, i. fiti n; succession of regenta 
Fang. 15lh*i>?r. 192. I of, xii. 79. 

nl%nrgli nl-Miikdira, 2filli mamil, 199. Hour-angle, distance in time from meridi- 
al-Fargh al-Mukhir, 27th mamil, 199. an, iii. 34-36; corrected hour-angle, 140; 
Fathers, or Manes—divinities of 10th as- miu'h hour iinglc how determined frdhi 
terisin, 188; their station and day, xii.' observation, iii.-37-.19. 

74, xiv. 14. I llyputhenuse—name. iv. 21 n: hypoth. of 

Fixed Htnrs-^iiiiincs and defined positions! shadow -if gnomon, iii. 8; constant ro¬ 
of certain, viii. 10-12,20-21; their idem} lation to n ensure o. umjilitudc, iii. 7 a 


tificntioii, viii. 12 n, 21 n. 

FuJJ moon, day of, ii. 66 a. ■ 

Oaiiti. nama ef a yo^ add n. 19. 

Gnpila, linh yoga. «■ *8 "■ , „ 

Guiie^’.a, nutiior of Oraha-Lagha^a, add. 
n. 1. 

Oara, 6U1 etc. kara^a, 11. 69 n. 

Qarga, Oaign-Biddhanta, ntld, n. 1. 


jii^'nira, 43tb rear of Jopifer's ^jrde, L 

ij BBn. 

Idnvatsara, Srd year of Imtmm, *rV. 17 a. 
Idelor—idciitificatiuus of Arab uiamfsil, 
182 etc. 

Idvatsarn, 4th or Bth year of luslnxm, 

1 xiv. 17 11 . 

l UMklil, 17 th fjiinisil, 192. 
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Inclinfttion—of planetiiry orbits to ecliptic, 
L 68-70; compftnitiro table of, L 70 n: 
of eeFiptie to equator, ii. 28. 

ladra—26tli yoga, ii. G5 n: divinity of 
18th«Btcrisin, 193i of others, lb7 ; with 
Agni. of lUtli, 101. 

Inoqualitiea of planetary niotionR<r-liow 
produced, ii. 1 - 8 ; why of diffisrent du- 
grees, ii. 9-11. 

Inatrunients—armillary sphere, xiiL 1 - 20 , 
viii. 12 n; other instruinenla for meas¬ 
uring time, xiii. 20-24; for taking alti¬ 
tude, xiii. 21 II; for taking acnilh-dU- 
tance at mer^inn transit, viii. 12 ii. 

Iron Age, i. 17 n; its commencement, p. 17; 
how determiuut^ p. 18. 

aj-JabhiUi, 10th manz«7,189. 

JambOdvipa, central continent in FuranieJ 
geiigraphy, xii. 44 n.' 

Jayi^ 8 nn year of Jupiter’s cycle, i. 65 n.j 

Jems, his Weights, Measures, and Coins 
of India, intiw. n. 

JnAnaWhftskara, reference to, i. 6 n. 

Jftlinn-rAja, author of Biddhauta-Suiftlara, 
add. n. 1 . | 

Jones. Sir W., refi-rrnccs to and ritationsj 
from his works, 180,181, xiv. 16 ii, add. 

B. 1. I 

Jupiter—name*, revolutions, etc., etc., see' 
Planets—Jufiiter's cycle of sixty yeani,| 
i. 65; of twelve years, xiv.. 17; their 
relation, xiv. 17 ii. 

Jykiiih^a, 2nd or 3rd mouth, L 61 n, xiv. 
8 n,-l ’0 n. 

Jyesh&A, 18th aateriSm—identification etc., 
102 : its last quarter unlucky, xi. 21 . 

Jyotisha, astronomical treatise, i. S n. 

KAIadanda, name of a yoga, add. n. 19. 

Kfilayukta, 26tli year of Jupiter's cycle,!. 
66 n. 

al-Kalb, 18th ntaNZfff, 193. 

Kanniiriknra, author of Tattva-Viveka, 
add. n. 1 . 

Kana, name of a yoga, add. n. 19. 

Kang, 13th sieit, 191. 

Karaqa, h.*ilf a lunar day, ii. 67-69. 

kiirttika. 7th or 8 th month, i. 61 n, xiv, 
3n, 16n. 

. Kiulava, 4th etc karat^a, ii. 60 n. 

Ketu, moon's descending node, ii. 8 n. 

Ketnmlln, a clime, xii. 30. 

Kliauda-Kataka, treatii«,or chapter of one. 
by firahmagupta-^ted by al-BirOiii re¬ 
specting asterisms, 181 etc., 208, 209. 

Kharn, 59 th year of JupItePacyclc, L 66 n. 

Kt, 18th nen, 195. 

Kllaka, 10th year of JapitePs cye^L 66 n. 

Kifiatughiia, 1st kanu[u^ ii. 69 n. 

Kio, l^sieWtlOl. 

Koei, 26tli sten, 199. 


Krodhana, 88 rd year of Jupiter's eyele, i* 
66 n. 

Krodhin, 12lh year of Jupiter's eyde, i. 
6b 11 . 

Krttikii, 3rd asterism—identification etc, 
184; formerly first of the series, i. 27 n, 
206. 

Kshnya, 84tli year of Jupiter'a cycle, i. 

55 II. 

Kuei, 6 th n'cu, 1S7. 

Kigu, a clime, xii. 40. 

Kurukshetra, |pgiou in India, i 62 9 . 

LAiIba, aslronomical authority, i. 8 n. 

Lagudiia or Lagata, author of Jyotisha, i. 

8 n. 

Lagliu-Aryh-Sidilliftnta, odd. n. 1 ; dta- 
tioiiH and referanccs, p. 24, add. n. 6 . 

Lanibsika, name of a yoga, add. n. 10 . 

TjnnkA, i. 62 n, xiu 39. 

LAta, called by iil-BirAnl auilior of Suiya- 
SiddhAnta, 1 . 3 n. 

Latitude, celestial—name, i. 70 11 , id 21 n; 
how measured, i. 70 n, viii. 1 n; .iienn 
^atest latitude of planets, i. 68-70: 
latitude of phmets how calculated, ii. 
60-67; bow combined with declination, 

ii. 68 . 

Latituilo, terrestrial—name, i. 60 n; how 
ascertained l.y obi>ervntian of shadow, 

iii. 13-14, 14-16: circunif. of earth on a 
|HirnlIel of latitude, how found, i. 60. 

Leu, 27th »ieu, 184. 

Li, Chinese measure of distance, i. 60 n, 
add. n. 13. 

Lieu, 7lli aim. 188. 

LukAloka. boiiiidary of the earth, xii. 44 n, 
xiii. 16 n. * 

I Longitude, apparent—term how employed, 

I vii. 1 2 II; how found, vii. 7-11. 

Longitude, celestial, of a planet-no name 
for, i. 63 n; mean longitude how found, 
•. 68 , 61, 611-61, 67; true longitude 
how foiiiiil, ii. 39-46: sun's true and 
mean longitude how determined from 
observation, iii. 17-2H, 40-41. 

Longitude, polar—term how employed in 
this work, viiL 111 ; polar longitudes of 
asterisms, viii. 2 - 6 ; of curtain fixed 
stars, viii. 10 - 11 , 20 - 21 . 

Longitude, terrestrial — name, i. 61 n; 
whence nieaaiired, i. 62; liuw deter¬ 
mined, i. 68 - 66 ; measured io yojanas, 
i. 65 n. 

Lunar time, day, month—see Time, Day, 
Month. 

Lustrum, cycle of five ]^ra, i. 68 n; 
names of !ta yaars, xiv. 17 n. 

Maekenaie eolleotion— 4 ee Wilson. 

MaghA, 10th asteriam—identification ete., 
188, add. n. 26. 


II 
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Mftghn, loth or 11th month, i. 61 n, mv. 
3 n, 16 n. 

Maitra^ name of a yoga, add. n. 19. 

Mal1ik4rjuna, commentator on SOrya-Sid' 
dhilnta, add. n. 2. 

Mammabimtta, commentator on SOrya- 
Siddhdnta, aild. n. 2. 

Mdn^ name of a yog^ add. n. 19. 

Manazil al-kamar—see 'Arab lunar man¬ 
sions. 

Mangalardra, Tuesday, i. 52 n. 

Mnninatba, Srd year of Jupiter’s cyde, i. 
65 n. . f 

Mann, citations and references, i. 12 n, 
17 n, 19 n, 23*n, zii. 28 n, ziv. 14 n. 

Mao, lat^sieM, 186. 

MArj^ifirHlia, Sth or 9Ui month, i. 61 n. 
ZIV. 3n, 16 n. 

Mars, names, revolutions, etc., etc.—see 
Planets. 

Ma tango, name of a yoga, add. n. 19. 

Maya, recipient of revelation of Hiirya- 
SiddhAiita, i. 2, 4, C n, 7, zii. 1, 10, xiv. 

■24-17; conjectured identity of his name 
wim that t.f Ptolemy, i. 6 n. 

Mean motions of planets—seo Daily mo¬ 
tions etc. 

Moan places of planets—see Longitude. 

Mensuro of .'iinplitiidc, iii. 7. 

Mcrcu^, names, revolutions, etc., etc.— 
see Planets. 

Meridian—no distinct name fur in text, xiii. 
15 n; name in commentary, 139, ziii. 
15 n. 

Meridian ecliptic point, iii. 49, v. 4-6, 9 n. 

Meridian, prime—situation of, i. 62', why 
chosen, l 62 ii. 

Meridiun-sinc, v. 6. 

Mem—poles of the earth, zii. 34-35; in 
Puranic gcngra])hy, xiL 44 n. 

Minute of arc, i. 28. 

Mitra, divinity of I7t1i nsterism, 192, 

Month—civil, i. 12: lunar, i. 13; number 
iu on Age, i. 35; names of those com¬ 
posing the vear, i. 61 n, xiv. 16 ii; lioa' 
derived, ziv. 16 n; divisions of lunar 
imrnth, i. 61 n: intercalary months, i. 
^; number in a given perioil how cal¬ 
culated, i. 49: lunar month a day of the 
Fathers, zii. 74, ziv. 14: sidereal month, 
i. 12: solar month, i. 13; number in an 
Agd.i. 39; names, i. 61 n, xiv. 16 n; pre-j 
else length of the several mlar months, 
xiv. 3 n; division into seasons, xiv. 16 n. 

Moon—niunc% revolutions, etc., etc., see 
Planets—Moon’s apsides and nodes, revo¬ 
lutions in an Age, i. 33; mean daily mo- 
ti ms of, p. 17, 20, odd. n. 6. 7; in side¬ 
real day, 291; positions at beginning of 
Iron Age, p. 18, add. n. 6; orbits, zii. 87- 
88 : moon’s dimensions, iv. 1; mean ap- 
parant diameter, distance, and horison- 
tal parallax, iv. 1 n; orbit, iv. 1 n, zii 

45 


85 ; apparent diameter how enlculated, 
iv. 2-»; coiiciser method, 312; moon’s 
heliacal sftting and rising, x.d; time of 
rising and setting, how calculated, X.-.2- 
0; elevation of cusps, z. 6-8; to^defer- 
mine illuminated part of ilisk, z. 9; to 
delineate illuminated part,and elevation 
of ciiaps, A 10-16: moon the divinity of 
5th nsterism, 185; relation to svstem 
of astcrisins, 207, add. n. 28; equality of 
declination with sun nnpropitioua, zi. 1 
etc.; station of the Fathers, zii. 74. 

Motions of plaiictB—seo Daily motions, 
Inequalities. 

Mrgayirsha, 5 th astcrisnir- identification 
etc., 18.5, add. ii. 25. 

Mrgavyftilhii, iiiimcfof star (Sirius), viii. 
10 -11, add. 11.26. 

Mrtyii, name of a yoga, add. n. 19. 

Mudgara, name of a yoga, arid. n. 19. 

MuhArta-Cinlumaiii, cited respecting as- 
terisms, 181 etc. 

MuTiArto-MAlA, cited respecting AhhfHt, 

210 . 

MAIn, lOthastcrism-^idcnlincation etcL,! 88. 

Miinlf,‘vnra, aiithur of SidtihAula-SArva- 
bhiiuiiisi, add. n. 1, 2. 

Miuala, name of a yoga, add. n. 19. 

nn-'N'aViim, 20lh mamil, 195. 

Nftdi, sixtieth port of siilcreal day, i. 11. 

!7ilga, D9lli kni'iiiia, ii. 67, 69 n. 

inii-Niijm, ‘.iril manzil, 185. 

NanfLinn, 6lilh year of Jupiter’s cycle, i. 
65 n. 

Niiradn, NArnda-SiddhAnta, add. n. 1. 

NAradi-SanhitA, odil. n. 1. * 

iiii-Nathrah, 8lh wavzil, 187. 

New moon, day of, ii. 66 n. 

Nicu, 20th fftSK, 196. 

aii-l7iyAt, stars in Scorpio, 193. 

Nude of a planetary orbit—name, i. 34 n, 
xi. 5II; only .ascending nude spoken of, 
i. 34 h; names of ascending and de¬ 
scending nodes, ii. R ii, 216; mode of 
action on tlio |ilanet, ii. 6-8; revolu¬ 
tions, i. 42-44; how rleviscd, i. 44 n; po¬ 
sitions, aix. to ilHTerent authorities, i. 
44 u; compared with I’t'olemy's, add. n. 
11; corrections applied to places of, iA 
calfulaling lutituuc, ii. 56. 

For moon's node, sw Moon. 

Nrsinha, cor. meutator qn SArya-^iddhAa- 
to, add. n. 2. 

Nil, 21st aieu, 196. 

Numbers, how expressea in the text, in* 
trod. n. 

Oblique aivension, equivalents in, of signs 
of ecliptic, iii. 44^5 ; table of equivor 
lenfs ns calculated for Wasliiugton, 
121; for Williams’ College, 313: de- 
grces’of oblique ascexffiou, ix. 6 n. 
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Observation*—Jlow far eonten)p1atcil in! Perigee, pcrilieiion, no name for, p. 68. 
Hindu systeni. vii. 18 ii, viii. u, :)'28 -.lirLTpcndwulmr of a right-angled triangle, ii. 
aMuney of Hindu otwervatiouis, 212,11 UOii, add. n. 16. 
lAO. llPerpendicalar-Biae = coaine, ii. 80 n, add. 

Oei, 28th tieu, 184. | n. in. 

Orbit—name, iv. 3, xu. 16: orbits of tbc'lPbMguna, lltb or 12tb month, i. 61 n, 

S lanets, i. 26, mi. 13-11; their absolute | xiv. 3 n, 16 n. 
imeDsioDS,xii. SO-dO'ihou' determinetl. jl’lmlfpini, llth and 12tli oatcrismt—iden- 
i. 21 n, iv. 1 D, xii. 90 n; their relative tiiicntiun etc., 189, odd. n. 26. 
dimeiisiuns deduced from epicycles, and jPlittscs of an eclipse, contact, immersion, 
compared, p. 16, emergence, separation, greatest obscu- 

Orient ecliptic-point, iii. 46-48. ration, etc.—names, iv. 16n, 11 ii. 

Orient-sine, or sine of amplitude of orient jPi, 2nd tint, ‘18,6 ; 25th sicii, 199. 
ecliptic-point, v. 3. Pingnin, 2ritli year of J^ppitor's c}'clo, i. 

55 n. 

Pftda, quarter of a ^loka, introd. ii. j Planet, name, iv. 6 n, odd. n..23. 

I'adma, name of a yoga, add. n. 19. .IMiinets—^iiamns, aild. n. 3; o-eiition, xii. 

Pddma. name of last yKon. i. 23 ii. ' 22-24; general explanation of motions, 

PoficarSiddliAntikii, i. 3 ii, odd. n. 1. j i. 25-21, xii. 13-11; point of eomincncc- 

Par&bbnvo, 14th jrear of Jupiter's cycle,' mniitofmotion,i.21,p.l8; timeofcoiu- 
i 66 n. ' I meiiccmcnt, i. 24, p. 11,18, i. 44 n; sid- 

Faidfara, add. n. 1. j creal rcvoIutioi).s in an Age, i. 29-32; 

ParAyara or Pdrfl^ara Siddluinta, ndd. n. | tables of periods of sidereal rcvplutinn, 

1; its system, add. n. 6; Icngtii of vear, p. 11, 20, 24, adil. n. 5, 7; ment ilaily 

p. 24; positions of apsides and nodes, i. motions, i. 26, xii. 83; tables of llo., i. 

' 44 u. 34 n, add. n. 6,1; mean positions, end 

Parallax—general exposition of I-lindii of last fiolden Age, L 61; do. beginning 

view of, V. 1 n; horizuiitnl imrallax of of Iron Age, i. 58 n, ailil. n. 6; actual 

moon and sun, iv. In; the Mime acc. mean positions, bi:g. of Iron Age, p. 18 : 

to Ptolemy, iv. In: vertical parallax to find mean longitude for any given 

and its resolution, v. In; iMinilInx in tiino, i. S3-61; mean longitude us found 

longitude, name of, 144; mode of cal-| for Jan. 1, 1800, and errors, t 61 n: 

calatiiig, in lime, v. 3-8; paralbix in causes of irregular motion, ii. 1-11; 

latitude, name of, 144; modo of cnlcu- kinds of motion, ii. 12-13; )inw to cal- 

lating, T. 10-12: method of applying culatc true longitudes, ii. 29-46; di- 

parallai^ in determining phases of eclipse, niensions of epicycles, ii. 34-38; ecj^uo- 

V. 9, ^3-17, 319; general critidsin of tion of centre, ii. S'.i; annual eqqation, 

methods of calculation, 156: iMirailax ii. 4f>-42; calculaliun of true rates of 

of other planets neglected, vii. 28 n. inolion, ii. 41-51; of decliiiation, ii. 28; 
Paridlulvhi, 2Uth year of Jupiter's cygle, i. data for finding latitude, i. 66-70; mode 
66 n. of calcxdatioti.ii. 66-61; combination of 

Parigha, 19th yoga, ii. 65 n. latitude and declination, ii. 68: coni- 

Parivatsara, 2nd year of lustnim, xiv. parative table of true longitudes, doily 

11D. ’ morions, and declinations, for Jnn. 1, 

Pdrsi osterisms, or 28-rold division of 186(i,p. 81; apparent diameters, iv. I n, 

ecliptic, 180, 206. vii. 13-14 : orbits, how detenniiied, iv. 

PArtbiva, &3rd year of Jupiter's cycle, i. | In, xii. 90 n; absolute dimensions xii. 

66 n. j 80-00; relative dimensions, dcoiiccd 

Path of extremity of shadow, how drawn ' from epicycli^, p. 16; distances from 

f on the dial, iii. 41-42. earth, xii. 84; order in respect to d^s* 

Path of eclipsing body, how drawn in pro- tance, xii. 31; order in which referred 

jection of eclipses, vL 14-16. to in this work, i. 52 n: synodical revo- 

Patriarchate, great clironological pniod— lutions, ii. 42 n: conjunctions of planets 

how composed, i. 18: re^oneu os day with each other, vii; with asterisms, 

of Frajiipati, xiv. 21. viii. 14-16: heliacal setting and risings, 

PaulaBtyaorPalastyaSiddhHnta,add. n.l. ixl-H: regency over days, montlis, 

Paulina or Pulifa Siddhftnta, i. Gn, odd. etc., i. 61-62, xii. 18-19: day of a plon- 

n. 1, 6 : its length of year, p. 24. et, ii 69. 

^usho, 9th or 10th month, i. 51 n. xiv. Plava, 9th year of Jupiteris cyde, 
Sim, 16 D. ^ 65 n. 

Perfeetad, the, a race of supernatural I’iavanga, 16th year of Jupiter’s cyde, i. 
beings xii. 28.81 • 40- 6 Sd. 



General Intiae. 


1 n. I; identical with Paului Alenndrl- * 
P >U.stars,xii. 43 j nus? i. 6 n. luld. n. 1. 

I ortiun of an n^itcrisin, ii. 64,119,201-10. 'Punarvosu, Ith a'sterum ■*- identification 
1 osseasors of Knowledge, supernatural I etc., 186. 

licinga, xii. 31. 'Purra-tmh&dlia, 20th aateiism—identifica- 

Friibliava, SDUi* year of Jupiter's cyclfl, i. [ tion «te, 194. 

56 n. _ POrya-HliAdrapadft, 26th aaterism-riden* 

Pmjapati—39th year of Jupiter's cycle, i. j tification etc.. 191. 

55 n: divinity of 4th asterism, 185, viii. POrvn-Phalgimi, lllh astoiism—identifi.* 
13 n: the ]mtrinrchate a day of, xiv. j cation eta, 180. 

21: name of n star (6 Auriga:), viii. 20: Piishan, ilivinity of 28th asteriam, 109. 
name of a yoga, add. n. 19. iPuahyn^ 8lh asterism—identification eta, 

Prnni.ldiii, 21st year of Jupiter's cyde, i. I 181. 

55 n. • I 

Prsiiiii'ithiii, 4ltli year of Jupiter's cycle, i. Quadrants, odd and even, ii. 29-30. 

5Sbn. I 

Vniniodu, 3Sth year of Jupiter's cycle, i. illntlins—names, ii. GO u ■, value in min* 
55 II. j iit('.s, ii. 22. 

Pravarilliii, name of a yoga, add. n. 19. .Rfilui^ ii. 6; cause of cdipscs, ii. 8 n, tv. 
PreacssioM of the equinoxes, iii. 9-12 ; j <! n. 
iJuic, 105; statuincnt of, iii. 9; form Rakslmsa—23rd year of Jupiter's cyde, 
of tlieory, a libratioii, iii. 12 n; possible i. 55 n ; name of a yoga, add. n. 19. 
reason, 1U3', Rrnticy'a view refuted, RnkUikslia, S2nil year of Jupiter’s cyde, 
104; theory of 8iddh5nta-(,.'iroraa]jii, not i. 5.> n. 

a libration, 104; whether precession Rangans'itha, commentator on Sdrya-Sid- 
taken uecount of in const ruction of Iliii- dliiiiita, introd. n., add. n. 2. 
dll system, 103, add. 11.20; ixisitioii and RntnamHlA, authority respecting aster- 
history in this treatise, 102 etc., add. n. i»iiis, 181. 

29; rule for calculating, iii. 9-10; fur Riiudra, 28th year of Jupiter's cyde, i. 
detcriniiiing by olMurvatioii, iii. 11-12: 55 ii. 

(Iruek view of preccssiun, 103. Ra' ivilm, Sunday, i. 52 n. 

Prime miTiitinii, i. 62. iltegents of years, months, days, and hours, 

Prime ilertiail, iii. 6; its pii]c,l39;tofiiid| i. 6L-62, xii. 78-79. 
liypolli. of (diadow, wiien sun is on the,' Rcspiriitiun, measure of time, i. 11. 
iii. 25-27. lleln^radiilion of the planets—name, ii. 

Priti, 2ial yoga, ii. G5 n. | 12-13: explanation, end definition of 

' Pnigre-<»i>H of the sun, from solstice to liiiiils, ii. 51-.55. 

* Kit'sllce, .xiv. 9. ;Revati, 2Stli asterism—idenfificatiun eta, 

Frojeclioii of an edinse, vi; name, vi. 1, 8; j l'J9 ; its Inst qiiarter unlucky, xi. 21. 
scale Ilf, iv. 26; tigiirc illustrating pro- Revolution of a planet, i. 25-27; numbers 
jectioii of lunar erlipsc, 151. of revolutiuiis in an Age, i. 29-34. 

Ptolemy—possiblu traces of liis iiaiiic in liight ascunsioii, equivalents of tlio difler- 
Hindu astronomy, i. G ii; his times of cut signs of tho ecliptic in, iii. 42-44. 
%siilcrcnl revolution of tlie |ilniicts, p. 24, iir-Risha, 28tli ummil, 199. 
add. n. 10; inclination of planetary or- Uoliini, -Itli .asterism—identification eta. 


culating equation of centre of sun 


ian, i. 62. 


Hindu system, p. 15, 33U; "relative di- cle, i. 55 n. 

meiisums and eceentrieities of planetary Rijidra, divinity of 6th asterism, 186. 
orbits, p. 10; rulrogradutiun of planets, * 

{ >. 82; prei'ession, 105; distances, fiaral- [For words often spelt with Sh, S', 'S, or 
ax, aiid dimensions of sun and muon, 8, seo (j?, under the letter C.] 

121; direction.of ecliptic in eclipses. Sa’d adh-Uh&bih, 22nd maiui/, 196. . 
140; astrology, viL 23 n; heliacal set- Sa'd ol-Akhlnyob, 26th nuttuil, 197. 
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Sdrya-SWidnUf, 


Ba'd aB-Su'fid, 24(h mansil, 191. ||Sid(lhliitB-SA.rTRbliftumR, luld. n. 1; mcth- 

Sa'd Bdla', SSnl mamil, 190. |l ud uf'obsurving mitioin of astcrisms, 

Bfldhira^ IBlb year of Jupiter's cycle,;! viii. I2ii; epicycles, add. ii. IB. 

• i. 5$ II. iiSiddbaiila-Sundara, add. n. 1 ; cited by 

• 8&dhya, 22nd yoga, u. 65 n. '] BUklhiinta-Biirvuiihiiunia, viii. 12 n. 

Bamvatsara—letyenruflustrum,xW.lt n',|Sidd\uiribui, 2tthycar of Jupiter’s cycle, 

year of era of VikraniSditya, add. r. 12.' 


Sanskrit \ronls, transcription and prunun-', 
cintinn of,, introd. n. 

B8-Sarrnli, 12th mauzil, 190, 

Sarvadh&rin, 66th year of Jupiter's i^elc,, 
i. 55 n. 

Sorvaiit, 6Sth year of Jupiter'a cycle, bj 
65 n. 

Saturn, names, revolutions, etc., etc.—acci 
Planets. 

SAubliAgya, 4th yoga, ii. 65 n. 

SAnmy.-i—17th year of Jupiter’s cycle, 

65 11 ; n.^nio of a yoga, add. ii. 19. 

Scale of projection of an eclipse, iv. 20. 
Seasons—number and names, xiv. luti; 
months and asterisms bulonging to, 
‘them, xW, 16n; reason of voting' 
temperature, xii. 40,12 n. 

Second of arc, i. 28. 

Serpents, divinities of 9th asterism, 186. 
Seven Sages,'stars in Ursa Major, xiii. 9; 

their independent revolution, viii. 21 n. 
Shadagitiiniikha, solar period, xiv. 0-6, 
Shadow of earth — diameter on moon's 
orbit, iv. 4-S; no account taken of pe¬ 
numbra. iv. 6 n. 

Shadow df gnomon—names, iii. 6 n: base,' 
or north •uid south projection of, iii. 2S- 
; path of its extn-mity, iii. 41-42 
equinoctial shadow, iii. 7, 12-13: noon 
shallow, hmv calculated, iii. 20-22; oth 
nr shadows, iii. 2b-34, 34-36; shadow 
cast by any planet nr star, how dutcr-| 
luiiied and laid ilnwn, 168, 172. I 

ash-Sharat.iii. Ist mauzil, 183. !{ 

adi-Shiiuluh, lOlli mauzil, 194. jj 

SidiHia, 21 st yoga, ii. 65 ii, 


i. 65 n. 

|Siddhi—16tb yoga, ii. 65ii; name of a 

J oga, add, A. lU. , 

(>reiil time, day, year—see Time, Day, 

! Year. 

jSieu, 28-fold division of heavens by Chi¬ 
nese, 181; comparison with llindu 
nsterisms and Arab lunar mansions, ' 
183-200; map illustrating position and 
relations, add. n. 27; origin of system, 
acc. to Ui8t, 201. 

Sign, twelfth part of ecliptic, i. 28; reck¬ 
oned from any given htarling-|)oint, i. 

28 n, 98 n; table of names and symbeds, 
i. 58 n. 

Hs-Simak, 14ili manzil, 191. 

Sin, IGtIi Ai'cK, 103. i 

Sine—iiaiiic, p. 57, add. n. 16 ; acriK of 
sines, in miiiutea, ii. 17-22; com[jarativo 
table of, p. 63; 'table of sines for every 
degree, with tliirerencus, 285 ; rule fur 
developing the series, ii. 15-16; how 
derived, p. u4-.'i, mid. ii. 15 ; its falsity, 
add. II. 15; Hindu iisu of sines earlier 
than Arab, p. 66; Arab sines fruin Greek 
eburdri, p. 56 ; whether Hindu sines like¬ 
wise ! add. 11 . 15; Hindu series how 
obtiiiiied, p. 64, add. d. 15. 
piirt of an arc determining the sine, il. 
29-30 : to find the sine ot a given arc, 
nr a:'C of a gieeii sine, ii. 31-33. 

Sing, Rlh zifu, 189. 

.Soliir time, day, month, year, ctc^—see. 

Time, Day, Mo'iilh, Year. ♦ 

Solstice, iiiinie of, 105, xii. 72 n. 
Sornii'Sidiiluinta, add n 1,6. 


SoniiiVii<'ii, Monday, i. 62 ii. 


Sidilli.'iiit:i-riroia:iiii—fiate,aiitliordiip,nnd iSpliei'e, 1 -<3. 
deiiv:iti>iii, aiM. ii. 1 ; accmint of i'eiliin- |.Sii:iiiru, iii. ,'i ii. 


ga-«. i. 3 n; |)1iineliiry -y-ilem, add. ii. 6 j'^jlliira, liame of a yoga, .add. n. 19. 
diflHiin of the day, i. 12ii; leiiglli oi'jSuIili.'iiiu, 51st year of Jupiter's cyclc^i. 
ji'iir, anil iiieaii si>leifal ri'volutioi'.s of; 65 n. 

t iliinct!-, p. 21; poMlioiH of apr-ides and jSiikarinnn, 7t]i yoga, ii. 65 n. 
lodes, i. 41 II , ili-iiiieler ami i-ireiimrer-.iSurn of ilays—nniiics, i. 51-ii ; how found, 
eiicc of eurlli, i. 6I> n ; prime meriilian. | i. 45-51. 

i. 6‘*ii; |iri ce-ivioii. J 1)4 ; stalenient re-jSu|i—names, revoliitinns, etc.., etc., see 
specting |)ri-ccs>.iiiii as laiight hy ,Surya-l| I'liiiiet—'liineiisions,' iv. 1; mean np' 


Siildliaiila, im ; hines of zi-iiith distance 
and altiliule Ilf eeliptie, v. 7 ii; fletini-; 
tion of |visitinii of iist0ri->njs 1S2-200;* 
of fixed stars, viii. Tin; gcograpliy of. 
simllii'rii lu-ini->|)iiere, xii. 41 n; urliit of, 
Rsterisnis, xii. 90 n ; nrinilhuy i-phcre,. 
xiii. -'in; d••scriptiolls of iiiKiniiiieiits.! 
xiiL 21 II. 22 n; solar day, xiv. 3 ii; cpi 
cycles, add, n. 18. 


parent diiimutcr, iiorixoiital parullnx, 
mid ilistaiico, iv. 1 n; to find true ap- 
[Kircnt (Ifiiineter, iv. 2-3; biiefer inetn- 
<1(1, 312; solar ecli|i«es, iv, v; calcu- 
lalioii of SI solar wlip-e, uihl. ii. 25; 
error of sun's iiiotinn mid pii»-itiiiii by 
Hindu system, p 22; adaptation of those 
of other planets to 4t, ]i. 20-3: sun's 
reveliiliun of present trcutibc, i. 2-0, xiv. 



Omeral Index. 


^^-IP^^^ra-BMcIraparfi, 27th aBterism-ideiir 

^ lification 0109^ 

i&ftrvkSti.iAVw. « ji ■ , |^^'‘‘wa-Vlui\gunl.l2tA aBteiiwn^iieiiUfi- 

surya^idaiiAiitA-^rofeaaedlyTwealedbjW cation etc., 169. 
the Sun to Maya, 1. 2-9; awrlbed by| 

Jy Vai9akha,lst or 2nd month, i. 61 n, ^v. 
l}cnU«.7 to lUlicenturf, p.21-, r«fQta-l| Bn I6n. 

turn of Uiia concluBion, i. 3 n p. 28.829; vaidhrta, pr VAldlirti. name of a hostile 
TKi«ti«n in aalronjiinical literature of „pect of sun and moon, zi. 2.4. 


TKi«ti«n in aalronjiinical literature of „pect of sun and moon, zi. 2.4. 

India, intioil. n., iidd. n. 1,829 ; its sys- vaidhrti. 2*?^ yoLm. ii. 96 n. 
tmn compared with those of other trea- Vaira-ieth jiga, it 65 n; name of a 
tises, add. n. 9; present eztent,ziT. 21 n; jogn, add n 19 
division into two portions, »■ 28 »; VArlha, name of current iEon, i. 23 n. 
commentaries on, add. n. 3; published Varfilia-mihira, astronomical and astro- 
editiiin, introd. n., atld. ii. 1 logical antliority, i. 8n, vii. 23 n, 208, 

Sv&ti, 15th astensm—identification etc., 13 xiv. 6 u, oild. n. 1. 

_ , , . . Varaiia-SiddhAnta, add. n. 1. 

Synodical revolutions of the planets, p. 68. Variyas, 18t|]i yoga, ii. 661 n. 

Varsha, rainy season, ziv. lOti, 16 n. 

Tables fur finding true places of planets, Vanina, divinity of 25tli asterism, 197. 

where given, p. 74. Vasaiitii, spring, ziv. 1011, 16 n. 

T.iitila, 5lh cte.karaiia, ii. 60 n. Vosishtha or VAsishtha SiddhAnta, add. 

TAiCtiriya-SaiiliitA and I'Aittirlya-Brah- n. 1, 6. 

^ni|,ia, iiames,nnd divinities of the aste- VAsudeva, zii. 12. 
risnis according to, 183 etc. Vasus, divuiities of S4th asterism, 196. 

Tannnaya, commentator on Sfirya-Sid- Vatsara, 6th year of lustrum, ziv. 17 n. 

dhfinta, add. n. 8. Vetlos, zii. 17. 

Tfiraiiii, 62iul year of Jupiter's i^cle, i. VedAngas, L 8 n. 

.'i.’i'ii. Venus — names, revolutions, etc., etc., 

lit-Tart; 9tli manzil, 188. see Planets—in conjunction with other 

Tattvii Vivc-ka, add. n. 1. planets, vii. 23. 

nTli-TliuniiyA, 3rd mamil, 185. Versed sine—name, p. 67; bow found, iu 

Ti, ]-Uli situ, 193*. 23 ; scries of, for the qnadraut, iL 23-37. 

Time—real and unreal, i. 10; ditferent Vertical circle, J43.. 

modes nf nioasuriiig and reckoning, ziv; Vertical parallax, resoliition.of, 1.43. 
ci\il lime and its. uses, xiv. 18-10; hi- Yibliava, .16th ye.ar of Jupiter's cycle, i., 
uar time, i. 13ii, xiv. 13-14; siderualj 5511. ^ 

time,xiv. 16; suiar time, xiv. 8, lO;>ViyakhA, IGlh asterism—identification 
time of gods, PrajAiMti, and Braimiu,! A.::f49l. 

xiv. 30-31: mode of reckoning time Vii'rtilii. name of stars in eting of Scor- 
]iractii'idly ciii|>loyed, i. 1811: instru- pio, 193. 

iiiuiits. fur.mca'iuriiig time, xiii. 16,19- Vi(;viivusu, 13th year of Jupiter’s cycle, i. 
24: to dctcriiiino the time by oliserra- 55 n. 

timi nf shiiiliiw of gnomon, iii. 31-39— Vijaya, Ist year of Jupiter’s cycle, i. 
see Day, Montli, Year, etc. 65 11. 

Times of rising, sea Ascensional equiva- Vikarin, 7th year of Jupiter's !• 


Iciils. 

Tsaii, 4lli si«f, 186. 
Tsi*. .Ird xieu, 186, 
T.-iiig. 5lli lieu, 187. 


Vikramo, 48th year of Jupiter's cycle, i. 

55 11. . 

VikramAdityn, era of, add. n. 12. 

Vikrie, 58th yci r of Jupiter’s cyde, i. 


Tva!>litar. divi'iity of 14th asterism, 190. Vikrta, 58th yeir of Jupiter’s cycle, i. 
Tvcim liraiius detoririinntitin of apparent 66 n. 

'diameter of planets, vii. 1411. Vilainba, 6th year of Jupitcr’a cycle, i. 

65 n. 

Uilrnvntsar.'i.sni year of lustrum, xiv. 1711. Viiiudi, measure of time, i. 11. 


Uei, nth lieu, 194. 

UJJaviiii city determining position of 
prime mcridiiiii. i. 63 n. 

Upiiiiishiul, xiii. 3 n. 

Ut|mtii, nsiini! of a yoga, add. 11. 19. 


Viroiiliakrt, 16th year of Jupiter's t^ele, 
i. 55 II. 

VircaJliih, 67tli year of Jupiter's cycle, i. 
65 n. 

Visliknnibha, 1st yoga, ii. 65 n. 


Utlai-n AshAdhA 2Ist B8teriBm—ldcntili-|Vish9u—divinity of 23rd asterism/196; 


calioii ulc., 104. 


original character, ziv. 10 n. 



S54 Siirya-^ddhdnia. 

yuh^u-can'lni, author of Yusishtha-Sid- ToTiiiiaB,* Greeks or wpstemcrs, referred 
dhAnta, aild. n. 1. to in Hindu ustronomical Iroditious, i. 

Yisl^udhqrinottara-Pur&^n, add. n. 1. G ii, 330. 

Vishnu-Puri)nil, citations from and refer- Year-civil, lunar, sidereal, and solar, i, 
enecs to, i. 9n. 12 ii, 17 n, 19 n, 21 iij. 13n; yearef the pods, i. H ; years in 
23 n, ii. G n, xii. 28 n, 44 n. : practical nsu in India, 13 n; skeU-li of 

Yisliti, Bill etc. karana, ii. G9 n. ! solar and iniu-solnr calendar, fur year 

'Yurtices, or prupcUiiig currents, of the '; 1859-00, j. 51 n: length of sidereal solar 
plnneU, ii. 3, xii.'IS. * I- year, acc. to different authorities, p. 24 : 

Vrddlii. lull yogsi,ii. 65 n. years of erv of (^'idiv&hana and Vikm- 

YyagliAta, I3lh yoga, ii. 65 n. miiditya, character and names uf, add. 

YyA«a-8iddhilnta, add. n. 1. n. 12; years of Jupiter's cycle, names 

Vyatipsita—I7th yoga, ii. 65 n, xi. 20; df, i. 55 n; years of lustrum, names of, 
name of a bo.stilc aspect of siiii and xiv. 17 ri. 

moon, zi. 2,4. Yellaya, commentator on Surya-SiddMn- 

Yyaya, 54th year of Jupiter's cycle, L; ta,udd. n. 2. 

55II. I Yoga, period of time—name whence de- 

|: rived, add. n. 19 ; two systems, names 
Warren’s EAln Saiikalita, references to; and cliarncler of. ii. 65 n. aill. n. 19. 
and citations from,'ihtrod. ii., i. 13 n.| Yujaiia, incasure'of length, its sulidivi^iun 
34n,48II, S6n,62n,p.74,xiT.3n, 17n,'' and value, i. 60ii, add. n. 13. 
add. n. 12. 19. ^ i-Yuvaii, 43rd yoar of Jupiter's cycle, i. 

Weber, rcfereiicos to and cxlrarts from'^ 55 ii. i 

his works and essays, i. 3 n, 6 n, ii. 8 ii.'i V 

vii. 23 n, 204, xiv. 6 ii, add. n. 1, 3, 26. Zenith, name of, v. 1 n. ‘‘ 

28. ! Zeiiilli-dUtaricc—on the mcridi.'in, iii. M- 

Wcek—not an original nr ancient Hindu; 15; elsewiien*. iii. 33; sun's xviiitli-dis- 

inslitiUuiii, i. 52 ii, xii. 79 n; wliencc' tanre on circles uf intermediate direc- 

brriuglit to India, i. 52 ii; nnincs of its, tioii, how found, iii. 28-34; to find tho 

diiya, i. 52 n; liow dclurinincd, i. 52 ii ;1 same elsewhere, iii. 31-36; how found 

when they iiegiii, i. CG. | from shallow, iii. 14-15, 37 : instrngienl- 

Wil.son—Ills Ciilstliigue uf Mackenziu Col-| for obtaining sun’s zenith-distance i'/ 

lection referred to, add. n. I, 2; his observation, xiii. 21 ii. 

\'ishi;^u-i'*iiriii^a, sue Yish^iu-Purania. Zodiac—name, iii. 12 n; signs of, see 

• Signs. 

Y, lOlh Mcii, 190. Zones of the earth, xii. 59-69. 

* Yamo, divinity of 2nil usterism, 184. ; az-Zuhanan, 16th matm/,,192. 

Yamakoli, city, xii. 38, ''uz-Zubrah, 11th matisil, 190. 



ERRATA. 


'■ 4 p. 4, II. 2, 3 from below—exchange the worda former and fatter. 

^ p. 12,1.28—for pfanfa rcarl pfanete. 

p. 13, L 26—^for 13-89 rewi 80-00. h h 

p. 24, table, 3rd column (Ptolemy), L 1—for 36 read 6. 

p. 29,1. 34—for If'ird rend irorrm. 

p. 32,1. 30—for 84-88 rend 31. 

p. 39,1. 41—for 6059.666 rend 5059.64. 

p. 47, L 22—for day-<itia rend eartA-rinr. 

^^^p. 120,1.4—for sinn rend aii/na. 

p. 123,1. 20—fur Imffilvm of read of longituie. 
p. 190,1. 12—fur oa-ijai/oA read as-Snrfm. 
p. 191,1. 15—fur fourteenth rend tkirleeHth. 
p. 283,1. 2 from below—for 1062nd read 1917th. 

llefcrenccs made in the notes on the earlier chapters to the latter portion of 
chapter xii am in ceTCtal iastonces wro^ by one verse, owing to an error of then 
mafuBcript consulted. ' ^ ^ 











